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PREFACE 
McDonnell A i rc ra f t  Company has conducted an inventory of Aeronautical  Ground 
Resea rch  Fac i l i t i e s  unde r  con t r ac t  number NAS 2-5458 (Modification 1) f o r  
NASA's Advanced Concepts and Missions Division, Office of Advanced Research 
and Technology (OART), loca ted  a t  Ames Research Center,  Moffett  Field,  California.  . The inventory is in tended   to   p rovide   suf f ic ien t  documented f ac i l i t y   i n fo rma t ion  
to  be used by government and industry engineers and s c i e n t i f i c  p e r s o n n e l  f o r  
planning test programs r e l a t i v e  t o  advanced aeronautical systems. The inventory 
is arranged by major f a c i l i t y  c a t e g o r y  in four volumes for convenience. 
Volume I - Wind Tunnels 
Volume I1 - Airbrea th ing  Engine  Tes t  Fac i l i t i es  
Volume 111 - Struc tura l  Envi ronmenta l  Fac i l i t i es  
Volume I V  - Engineer ing  F l ight  S imula t ion  Fac i l i t i es  
The primary content of each volume is a compilat ion of  faci l i ty  data  pages 
which provide information descriptive of the general arrangement, performance, 
t e s t ing  capab i l i t y ,  and ,  where ava i l ab le ,  acqu i s i t i on  and operat ing costs  of  
each  f ac i l i t y  i nven to r i ed .  A l so ,  su f f i c i en t  add i t iona l  sou rce  r e fe rences  
are provided for  those requir ing more detai led information.  An index of  faci l -  
i ties is provided which is arranged alphabet ical ly  by r e p o r t i n g  i n s t a l l a t i o n .  
Summary t a b l e s  i n  e a c h  volume list facilities by type and a lphabet ica l ly  by 
r epor t ing  in s t a l l a t ion ,  a long  wi th  b r i e f  da t a  desc r ip t ive  o f  t he  f ac i l i t y .  
This  inventory was accomplished i n  f i v e  b a s i c  s t e p s  which included: (1) a 
l i t e r a t u r e  s e a r c h  t o  i d e n t i f y  c a n d i d a t e  f a c i l i t i e s ,  (2) formulation and 
d i s t r i b u t i o n  o f  a p p r o p r i a t e  q u e s t i o n n a i r e s  t o  f a c i l i t y  o p e r a t o r s ,  (3) prepara- 
t i o n  of  prel iminary faci l i ty  data  pages (based on completed questionnaires),  
(4) t echnica l  review of f a c i l i t y  d a t a  p a g e s ,  and (5) f i n a l  d r a f t i n g  of t h e  
report .  
The f a c i l i t i e s  i n c l u d e d  i n  t h i s  i n v e n t o r y  do no t  necessa r i ly  r ep resen t  t he  
t o t a l  ground research capabi l i ty  of each  r epor t ing  in s t a l l a t ion ,  bu t  r a the r  
its major  capabi l i t i es .  
ii 
VOLUME I V  - ABSTRACT 
ENGINEERING FLIGHT SII.IULATION FACILITIES 
This volume of the Aeronaut ical  Ground Research Faci l i t ies  Inventory presents  
the general  purpose capabi l i t ies  of government and indus t ry  in  the  a rea  o f  real 
time engineer ing  f l igh t  s imula t ion .  Nhile t h e s e  f a c i l i t i e s  i n c l u d e  s e v e r a l  
Space System S imula to r s ,  e l emen t s  o f  t he  r e spec t ive  f ac i l i t i e s  are considered 
t o  b e  of general  purpose appl icat ion and the re fo re  are cons is ten t  wi th  the  
objec t ives  of this report .  Information contained herein covers computer equip- 
ment, visual  systems,  crew s t a t i o n s  and motion systems, along with brief state- 
ments  of f a c i l i t y  c a p a b i l i t i e s .  F a c i l i t y  c o n s t r u c t i o n  and typ ica l  ope ra t iona l  
cos t s  are also included where avai lable .  Col lect ively,  these faci l i t ies  provide 
f o r  economical and safe  solut ions to  vehicle  design,  performance,  control  and 
f ly ing  qua l i t i es  problems of  manned and unmanned f l i g h t  systems. 
iii 
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A.  FLIGHT  SIMULATORS  (Government  Owned) 
I Orrranization I 
I 
- 
Location 
Facility  Name I Purpose 
I Simulator  Name 
AFASD 
Wright-Patterson 
Air  Force  Base,  Ohio 
Crew  Station 
Simulation  Facility 
FB-111A  Simulator 
AFASD 
Ihight-Patterson 
Air  Force  Base,  Ohio 
Crew  Station 
Simulation  Facility 
C-135B  Simulator 
AFASD 
Wright-Patterson 
Air  Force  Base,  Ohio 
Crew  Station 
Simulation  Facility 
F-4D Simulator 
AFAMRL 
Wright-Patterson 
Air  Force  Base,  Ohio 
Air  Force  Dynamic 
Environment  Simulator 
Dynamic  Environment 
Simulator 
AFHRZ. 
Brooks  AFB,  Texas 
Simulation  and 
Training  Media 
Development  System 
NASA-ARC 
Moffett  Field,  Calif. 
NASA  Ames  Flight 
Engineering  tool 
for  weapon  system 
development  and 
implementation 
Engineering  tool 
for  weapon  system 
development  and 
implementation 
Engineering  tool 
for  weapon  system 
development  and 
implementation 
Simulation  of 
stresses  encoun- 
tered  by  aircrew 
members  during 
flight  and  escape 
naneuvers 
Exploratory 
development  of 
simulation  tech- 
niques,  instruc- 
tional  media  and 
training 
innovations 
Spacecraft  launch 
and  re-entry 
evaluations  along - 
Simulators 
dling  qualities Motion  Generator 
of  aircraft  han- Five-Degree-of-Freedom 
with  evaluations- 
and  control 
sys  tems 
NASA-ARC 
Simulators. 
ing  and  related NASA  Ames  Flight 
stability,  load- Moffett  Field,  Calif. 
Studies  of 
control  systems Advanced  Aircraft 
aircraft  handling Flight  Simulator  for 
transport-type 
and  crew  tasks 
NASA-ARC 
ation Control  Test  Apparatus 
vertical  acceler- Simulators. Height- 
ing  sustained NASA  Ames  Flight 
aircraft  requir- Moffett  Field,  Calif. 
Research  into 
Motion 
System 
Motion Platfom 
5-DOF 
Motion  Platform 
3-DOF 
Motion  Platforn 
3-DOF 
Double  Gimballe 
Human  Centrifug 
Can  produce  a 
20g  field 
Motion  Base 
2-DOF 
Motion  Base 
Swing  Arm  Type 
5-DOF 
Motion  Platforr 
6-DOF 
Motion  Base 
1-DOF  (Vertica: 
Translation) 
Type  Visual 
Presentation 
:losed  circuit TV 0 .  
two  moving  model 
systems  displayed 
through  collimating 
lenses  to  the  pilot 
:losed  circuit TV 0: 
:YO moving  model 
systems  displayed 
through  collimating 
lenses  to  the  pilot 
:losed  circuit  TV 0. 
:wo moving  model 
systems  displayed 
:hrough  collimating 
Lenses  to  the  pilot 
Unknown 
Modified  SMK-23 
Visual  Simulator 
Training  Attachment 
View  represents  an 
airfield  and  sur- 
rounding  terrain 
features 
TV monitors 
Color  televised 
model  projected  on 
front  screen  and 
viewed  through 
collimated  lens 
Closed  circuit TV 
monitor 
Computer  Systems 
SIGMA 5 and  two 
SingerILink  Mark I 
3igital  Computers 
SIGMA 5 and  two 
Singerflink  Mark I 
Iigital  Computers 
SIGMA 5 and  two 
Singerflink  Mark I 
ligital  Computers 
PDP-1  Digital 
zomputer 
XDS SIGMA 5 Digits 
Computer  with  16K- 
32-Bit  Memory 
General  Purpose 
Analog-Digital 
Computer  System 
Hybrid  Digital- 
Analog  Computer 
System (EA1 8400) 
Analog 
Page 
- 
2 
2 
2 
6 
8 
80 
80 
80 
xii 
A. FLIGHT SRWLATORS (Government (Xmedl 
I 
t oca t ion  
F a c i l i t v  Name 
I Purpose 
Simulator Name 
NASA-ARC Evaluation of 
I4offett  Field,  Calif .  
landing,  and Simulator 
during approach, Cab Transport 
control systems Simulators. Moving- 
q u a l i t i e s  and NASA  mes F l ight  
a i r c ra f t  hand l ing  
t ax i ing  
HASA-ARC 
Moffet t  Field,  Cal i f .  
NASA  mes F l ight  
Simulators. Six- 
Degree-of-Freedom 
Ibt ion Simulator  
Research of 
V/STOL a i r c r a f t  
approach and 
landing  f ly ing  
q u a l i t i e s  and 
control system 
c h a r a c t e r i s t i c s  
NASA-ARC IResearch on air- 
Hof fe t t   F i e ld ,   Ca l i f .   c r a f t  and  space- 
NASA Ames F l igh t  
medical  invest i -  Simulators. 
c r a f t ,  and 
normal and roll and Roll Device 
ga t ions  requi r ing  Vertical Acceleration 
acce le ra t ions  
NASA-ARC Evaluation of 
Mof f et t Fie ld ,   Cal i f .  
Transport Simulator 
Simulators. Fixed-Base 
t a sks  NASA  mes F l igh t  
a i r c r a f t  crew 
I 
Assessment of 
instruments and 
avigation Simulator 
Simulation of 
missions 
‘Simulators .   Fl ight  
and Guidance 
Centrifuge 
NASA-ARC Phys io logica l  
Moffet t  Field,  Cal i f .  
tUSA Ames F l igh t  
s t u d i e s  
Simulators. Man- 
Device 
Carrying Rotation 
NASA-ARC Determination of 
14offet t  Field,  Cal i f .  
Centrifuge 
B i o s a t e l l i t e  
jects Simulators. 
b io log ica l  sub- NASA Ames F l igh t  
6 to le rance  of 
x i i i  
:ontimedl 
140 t ion  
System 
b t i o n  Base 
I-DOF (Vertical 
l r ans l a t ion  and 
? i t c h  and R o l l  
cotation) 
,lotion Base 
b”OF 
lotion Base 
2-DOF (Vertical 
Cranslation and 
lo l l   Ro ta t ion )  
?ixed Base 
Unknotm 
Unknotm 
Unknown 
Unknotm 
Type Visua l  
Presentation 
: losed  c i rcu i t  
:olor W monitor 
If landing scene 
: losed  c i rcu i t  TV 
Lisplay of approact 
md landing 
:losed c i r c u i t  TV 
l i sp lay  of landing 
lpproach 
Unknotm 
Unknotm 
Unknotm 
Unknown 
Unknown 
Computer ‘systems 
Analog 
:enera1 Purpose 
) ig i ta l /Analog  
:omputer  Systems 
Analog 
Unknotm 
Unknotm 
Unknown 
Unknown 
Unknotm 
Page 
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80 
80 
80 
80 
80 
80 
80 
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A. FLIGHT SIMULATORS CGovernment Owned’ 
Organization 
Lo.cation 
F a c i l i t y  Name 
Simulator Name 
NASA-ARC 
Moffet t  Field,  Cal i f .  
NASA Ames F l igh t  
Simulators. 
hv i ronmenta l  Chamber 
NASA-ARC 
Moffett  Field.  Calif .  
NASA Ames F l igh t  
Simulators. 
Por tab le  Chamber 
NASA-ARC 
Moffett  Field,  Calif. 
NASA Ames F l igh t  
Simulators. 
Human Environmental 
T e s t  F a c i l i t y  
NASA-FRC 
Edwards AFB, Cal i f .  
NASA FRC Simulation 
Laboratory 
NASA-LRC 
tlampton, Virginia 
NASA Langley  Atti tude 
Control Simulation 
Fac i l i t y .  
Solar Radiation 
Simulator 
NASA-LRC 
b p t o n ,  V i r g i n i a  
NASA Langley  Attitude 
Control Simulation 
Fac i l i t y .   P l ane t  
Radiation Simulator 
~~ ~ 
Purpose 
S t u d i e s  i n v o l v i q  
a l t i t u d e ,  atmos- 
phere composi- 
t i o n ,  o r  
temperature 
capab i l i t y  
Studies involvins 
a l t i t u d e  or 
atmospheric 
compositions w i t 1  
cen t r i fuga t ion  
Studies involvins 
a l t i t u d e s ,  
atmospheric 
composition,  and 
temperature  or  
temperature 
cyc l ing  
Primary purpose 
time f l i g h t  
is manned real- 
simulation 
Evaluation of 
spacecraf t  
a t t i t u d e  s t a b i l i -  
za t ion  and con- 
t ro l  sys tems 
Evaluation of 
spacecraf t  
a t t i t u d e  s t a b i l i -  
za t ion  and con- 
t ro l  sys t ems  
CContinued) 
Pfo t ion  
System 
unknown 
Unknown 
Unknown 
Unknown 
:Fac i l i t y  has 
: i x  Crew 
i ta t ions)  
Unknown 
Unknown 
Type Visual 
Presenta t ion  
Unknown 
Unknown 
Unknown 
‘lying spot scanner 
nd contact analog 
. i sua l  scene  
enera tors  
Unknown 
Unknown 
Computer Systems 
Unknown 
Unknown 
Unknown 
Cwo d i g i t a l  (WS 
9300 and XDS 930) 
and four Analog 
!31R, and two 
DI AD-4) computerr 
gith two separa te  
SDS In t e r f ace  
Systems 
,RC Central Data 
leduction Center 
Ind t ie - ins .  
:Four Control Data 
io00 Ser i e s  Com- 
mte r s ,  t h ree  Fu l l -  
kpanded EA1 231R, 
Ind  two GPS 10,000 
lepetitive-opera- 
:ion Computers) 
,RC Central Data 
leduction Center 
md t ie - ins .  
:Four Control Data 
io00 Ser i e s  Com- 
lu te rs ,  th ree  Ful l -  
kpanded EA1 231R, 
Ind two GPS 10,000 
Lepetitive-Opera- 
:ion Computers) 
(FA1 231R-V, EA1 
- 
Page 
80 
80 
80 
88 
90 
90 
- 
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A. FLIGHT SIMULATORS (Government  mmed) (Continued) 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
!lASA-LRC 
Xampton, Vi rg in ia  
VASA Langley  Atti tude 
Zontrol Simulation 
Faci l i ty .   Three 
Star Simulators 
VASA-LRC 
lampton, Vi rg in ia  
TASA Langley  Flight 
Zontrol Research 
Facil i ty.   Fixed 
Base Cockpits 
USA-LRC 
lampton, Vi rg in ia  
TASA Langley Flight 
Zontrol Research 
Faci l i ty .   Differen-  
t i a l  Maneuvering 
Simulator 
USA-LRC 
$amp ton,   Virginia  
USA Langley Flight 
Zontrol Research 
Fac i l i ty .  
Six-Degree-of-Freedom 
:4otion Base 
USA-LRC 
Iampton, Vi rg in ia  
WSA Langley  Flight 
Zontrol Research 
?ac i l i t y .  
Iirtual-Image Display 
simulator 
Purpose 
Evacuation of 
spacec ra f t  
a t t i t u d e  s t a b i l i  
za t ion  and con- 
t r o l  systems 
Basic IFR aero- 
naut ic  research  
i n  handling 
q u a l i t i e s  and 
instrument  dis-  
play development 
Basic  research 
and eva lua t ion  o 
manned d i f fe ren-  
t i a l  maneuvering 
Basic s t u d i e s  of 
motion - v i s u a l  
effects 
Provides a 90 de 
r e f r a c t i v e  
virtual-image 
presenta t ion  for  
general  applica- 
t i on  to  space  an 
aeronaut ica l  
s tud ie s  
~~~ ~ 
Motion 
System 
Unknown 
Fixed Base 
Fixed Base 
(Two Crew 
S ta t ions  in 
40 f t -d i a  
Spherical  Pro- 
j e c t i o n  Screen: 
Motion Base 
6-DOF 
( Ins t a l l a t ion  
i n  Mid-1971) 
Unknown 
Type Visual 
Presenta t ion  
Unknown 
Unknown 
TV camera pickup o 
sky,  Earth, and 
target models, and 
projected on 40 f t  
d i a .  sphe r i ca l  p ro  
j ec t ion  sc reen  
CRT-virtual image 
d i sp lay  
Terrain-scene and 
target-vehicle 
image from high- 
in tens i ty   k inescop '  
p ro j ec to r s  
Computer Systems 
LRC Cent ra l  Data 
Reduction Center 
and t ie-ins.  
(Four Control Dat: 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l  
Expanded EA1 231R, 
and two GPS 10,00( 
Repetitive-Opera- 
t i o n  Computers) 
LRC Central  Data 
Reduction Center 
and t ie - ins .  
(Four Control Datz 
6000 Se r i e s  Com- 
pu te r s ,  t h ree  FuU 
Expanded EA1 231R, 
and two GPS 10,00( 
Repetitive-Opera- 
t i o n  Computers) 
LRC Cent ra l  Data 
Reduction Center 
and t ie-ins.  
(Four Control Dat: 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l  
Expanded EA1 231R: 
and two GPS 10,00( 
Repetitive-Opera- 
t i o n  Computers) 
LRC Cent ra l  Data 
Reduction Center 
and t ie-ins.  
(Four Control Dat: 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l  
Expanded EA1 231R: 
and two GPS 10,00( 
Repetitive-Opera- 
t i o n  Computers) 
LRC Central  Data 
Reduction Center 
and tie-ins. 
(Four Control Dats 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l  
Ikpanded EA1 231R, 
and two GPS 10,OOC 
Repetitive-Opera- 
t i o n  Computers) 
- 
'age 
- 
90 
92 
92 
92 
92 
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A. FLIGHT  SIMULATORS 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
NASA-LRC 
Hampton, VFrginia 
NASA Langley CMG 
Research Laboratory. 
Control Moment Gyro 
~~ 
NASA-LRC 
mpton, V i rg in i a  
SA Langley 
mulation Research 
boratory.  
anspor t   A i rc ra f t  
mulator 
:Government Owned) (Continued) 
1 
Purpose I Mot ion  System 
Real t ime evalua 
t i o n  of f u l l -  
s c a l e  c o n t r o l  
moment gyro i n  a 
simulated dynamic 
environment 1 Three-his Servo Table 
Transport  air- 
c ra f t  r e sea rch  
Fixed Base 
s t u d i e s  and 
SA-LRC 
mpton, Vi rg in ia  
SA Langley 
mulation Research 
boratory.   Tact ical  
fec t iveness  
mulator 
I Ta 
SA-LRC 
impton, Vi rg in ia  
S A  Langley 
.mulation Research 
zboratory. 
Jot  Controlled 
meuvering  Unit  
LSA-LRC 
Impton, Vi rg in ia  
S A  Langley 
zndezvous Docking 
imulator 
mt i ca l   e f f ec -  , 
.veness studies 
leveloped as 
r e r u n n e r  t o  t h e  
.f f erential 
lneuvering 
mulator) 
)ace locomotion 
rudies involving 
)ot-controlled 
rvices 
xed  Base 
k e d  Base 
o t ion  Base 
-DOF 
r b i t a l  docking 
nd a i r c r a f t  han- 
l i ng  eva lua t ions  
nd basic motion 
tudies  reseafch 
Type Visual 
Presenta t ion  Computer Systems 
Unknown LRC Cent ra l  Data 
Reduction Center 
and t ie - ins .  
(CDC 6600 D i g i t a l  
and EA1 680 
Analog) 
XT-virtual image LRC Central  Data 
rindow d i sp lay  t i e d  Reduction Center 
:o t e r r a in   s cene  and t ie - ins .  
:enerator (Four  Control  Data 
6000 S e r i e s  Com- 
puters ,  three Ful l -  
A r c r a f t  t a r g e t ,  
;ky-Earth-horizon, 
md l imi ted- f ie ld  
:e r ra in   p ro jec ted  
~n a 20 ft d ia .  
hrojection screen 
L i r c r a f t  t a r g e t ,  
iky-Earth-horizon, 
md l imi ted- f ie ld  
:e r ra in   p ro jec ted  
on a 20 f t  dia.  
p ro jec t ion  screen  
Closed c i r c u i t  TV 
Expanded EA1 231-R, 
and two GPS 10,000 
Repetitive-Opera- 
t i o n  Computers) 
LRC Central  Data 
Reduction Center 
and t ie-ins.  
(Four Control Data 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l -  
Expanded EA1 231-R, 
and two GPS, 10,000 
Repetitive-Opera- 
t i on  Computers) 
LRC Central  Data 
Reduction Center 
and t ie - ins .  
(Four Control Data 
6000 Se r i e s  Com- 
puters ,  th ree  Ful l ,  
Expanded FA1  231-R 
and  two GPS 10,000 
Repetitive-Opera- 
t i o n  Computers) 
LRC Central Data 
Reduction Center 
and t i e - in s .  
(CI 5000, C I  150, 
and EA1 231-R 
Page 
- 
96 
100 
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A. FLIGHT SIMULATORS (Government  Otmed) (Continued) 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
IASA-IISFC 
farshall  Space Flight 
:enter,  Alabama 
:omputation Laborator: 
'hysical Simulation 
: ac i l i t y .  
. m a r  Roving Vehicle 
iimulator 
w ) C  
larmins ter , Pa. 
:omputer Simulation 
: ac i l i t y  
d r c r a f  t and Air 
3eapon Sys tern Simula- 
:ion 
uu)C 
'laarmins ter , Pa. 
hmputer Simulation 
? a c i l i t y  
Ur-to-Air Combat 
jimulation 
Purpose 
Evaluation of 
:andidate con- 
: ro l l e r  param- 
zters, crew 
Sta t ion  layout ,  
xew procedures, 
Zontrol console 
layout and  func- 
t ions ,  and of 
lav iga t ion  
;ystems. 
?anmachine 
l i r c r a f  t and 
.leapon systems 
s tudies  
irisual air-to-a3 
:ombat s tud ie s  
Mot ion  
System 
qotion Base 
5-DOF 
Fixed Base 
2ockpit 
Fixed Base 
Dual Cockpits 
x v i i  
. ~~~ 
Type  Visual 
Presenta t ion  
ht-the-window view 
I f  a c l o s e d  c i r c u i t  
d e v i s e d  image of 
L typ ica l  rough 
luna r   t e r r a in  model 
IEC 338 Programmed 
3uffered Display 
System 
Unknotm 
~~ 
Computer System 
Chree Hybrid 
Zomputer Complexes 
?our EA1 8812 
h a l o g  Computers, 
:DC 6600 and 
a1 640 D i g i t a l  
Zomputers 
Four EA1 8812 
h a l o g  Computers, 
3 C  6600 and 
EA1 640 D i g i t a l  
:omputers 
Page 
106 
114 
114 
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B. FLIGHT  SIMULATORS. (Industry Owned) 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
Bell Aerospace Co. 
Buffalo, New York 
Bell Visual 
S imula t ion  Fac i l i ty  
Boeing Company 
Sea t t l e ,  Washington 
Boeing Aerospace 
Visual  Fl ight  
Simulator 
Boeing Company 
S e a t t l e ,  Washington 
Boeing Kent 
Simulator Center. 
Mul t i s t ress  
Chamber Cockpit 
Boeing Company 
Sea t t l e ,  Washington 
Boeing Kent 
Simulation Center. 
Air Tra f f i c  Con t ro l  
Center 
Boeing Company 
Seattle, Washington 
Boeing Kent 
Simulation Center. 
Space Shu t t l e  
Vehicle Cockpit 
Boeing Company 
Philadelphia,  Pa. 
Boeing F l igh t  
Simulat ion Faci l i ty .  
Flight Simulator 
Fairchild Hiller Corp 
Farmingdale, New York 
Fairchild Hiller 
Flight  Simulation . 
Laboratory 
Purpose 
Simulates a wide 
v a r i e t y  of space,  
l una r ,  and e a r t h  
environments 
Research tool  
used for  develop-  
ment and evalua- 
t i on  o f  aircraft 
design changes, 
a b i l i t y ,  and 
p i lo t  pe r fo r -  
mance func t ions  
Studies  of  human 
performance i n  
environment of 
v ib ra t ion ,  hea t ,  
pressure,  noise ,  
i l lumination and 
atmosphere 
Development and 
evaluation of 
t r a f f i c  s y s t e m s  
and command 
control  systems 
cockpi t  su i t -  
Development and 
eva lua t ion  of 
spacec ra f t ,  
boosters,  and 
command con t ro l  
systems 
For performing 
unmanned and 
p i lo t ed  real-time 
f l i g h t  s i m u l a t i o r  
s tud ie s  of air- 
c r a f t ,  c o n t r o l  
system, and in- 
strumentation 
concepts and 
conf igura t ions  
Represents a 
realistic in- 
f l igh t  envi ron-  
ment f o r  the 
p i l o t  
Mot ion  
Sys tern 
Both Fixed Base 
and Motion Base 
Several Fixed 
Base C r e w  
S ta t ions  
Fixed Base 
Fixed Base 
Fixed  Base 
Small Motion 
Base 6-DOF 
Fixed Base 
x v i i i  
Type Visual 
Presenta t ion  
: losed  c i rcu i t  TV of 
: e r r a in  and veh ic l e  
lodels  t ransmit ted 
.o a back projectior 
c r e e n  i n  f r o n t  of 
:he p i l o t  
: l o s e d  c i r c u i t  TV 
. i sua l  d i sp l ay  of 
,everal   models,  
;lobes, and aero- 
lhoto mosaics 
Unknown 
Unknown 
Unknown 
:omputer-generated 
ut-of-the window 
ol l imated  v isua l  
i s p l a y  
arge screen scope 
or out-of-the- 
sindow v i s u a l  
i sp l ay  
Computer Systems 
aybrid Digital- 
h a l o g  Computer 
System. 
(IBM 7090, TR-48, 
th ree  PACE 231-R 
snd  two  AD-4's) 
KDS 930 D i g i t a l  
:omputer i n  con- 
junction with a 
lrarian 6221 Digita: 
Zomputer and a 
Sanders ADDS 900 
kaphic  Disp lay  
System 
LBM 360165 System 
snd a General 
Purpose XDS 9300 
System. Also a 
ra r ie ty  of  Analog 
:omput ers . 
CBM 360165  System 
and a General 
?urpose XDS 9300 
System. Also a 
ra r ie ty  of  Analog 
Zomputers. 
CBM 360165 System 
md  a General 
?urpose XDS 9300 
jystem.  Also a 
I a r i e ty  of Analog 
2omputers. 
lybrid Computer 
jystem (IBM 360144 
and four AD-4 
systems) 
Analog 
Pagl 
- 
10 
14 
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B. FLIGHT SIIWLATORS (Industry Owned) (CI 
Location 
F a c i l i t y  Name 
Simulator Name 
General Dynamics Corp 
Fort  Worth, Texas 
General Dynamics 
Electronic  Warfare 
Cockpit Simulation 
Laboratory. 
Electronic  klarfare 
Cockpit Simulator 
General Dynamics Corp 
For t  Worth, Texas 
General Dynamics 
Electronic  Warfare 
Cockpit Simulation 
Laboratory. 
General Purpose 
Cockpit Simulator 
General Dynamics Corp 
Forth I*lorth, Texas 
General Dynamics 
Elec t ronic  Warfare 
Cockpit Simulation 
Laboratory. 
Simulator 
,F- l l l  Cockpi t  
,General  Dynamics Corp 
,San Diego, Calif. 
'General  Dynamics 
'Simulation Laboratory, 
In tegra ted  Manned 
Systems Simulator 
Grumman Aerospace Cor] 
Bethpage, New York 
Gruman Systems 
Simulation Laboratory. 
Full   Mission 
Engineering Simulator 
(Lunar 140dule) 
Grumman Aerospace Cor 
Bethpage, New York 
Grumman Systems 
Simulation Laboratory 
Three-Degree-of- 
Freedom Motion 
Simulator 
Purpose 
Evaluat ion tool  
€or a i r - to-a i r  
(reapon de l ivery ,  
?ene t r a t ion   a ids  
ievelopment, 
zandling quali- 
ties, system 
les ign  param- 
e t e r s ,  and man- 
euver develop- 
nent 
Evaluation of 
attack systems 
and penet ra t ion  
rids systems 
Co evalua te  air- 
x a f  t handling 
pa l i t i es ,  estab. 
Lish con t ro l  sys. 
tern design param 
s t e r s  and t o  eva: 
l a t e  dynamic win; 
md t a i l  l o a d s  
luring  maneuvers 
Iesign and 
research tool  
Eor manned air- 
: r a f t  and aero- 
;pace systems 
I e r i f i c a t i o n  of 
ac tua l  lunar  
nodule f l i g h t  
Irticle capa- 
>ilities, 
including descen 
From l u n a r   o r b i t  
and a s c e n t  t o  
rendezvous  and 
docking 
Inves t iga t ion   of  
p i t c h ,  r o l l ,  and 
heave motions 
Dntin%d) 
Motion 
System 
Fixed Base 
Fixed Base 
Fixed Base 
Fixed Base 
Fixed Base 
Motion Base 
3-DOF 
X i X  
Type Visual 
Presenta t ion  
lack-and-white TV 
ystem used t o  
r o j e c t  t a r g e t  air- 
r a f t  image on a 
orward field-of- 
iew screen  
l ack  and white TV 
ystem used t o  
r o j e c t  t a r g e t  air- 
raf t  image on a 
orward field-of- 
iew screen  
unknown 
isual out-of-the- 
indow set of 
nlevis ion s tudios  
Losed c i r c u i t  TV 
nages r e f l ec t ed  by 
:am s p l i t t e r s  i n t o  
f t  d ia .  parabol ic  
i r r o r s  and then 
\ t o   t h e  L31 cabin  
indows 
unknown 
Computer Systems 
3ybrid Computer 
System (CDC 6600 
Digital  and two 
Eully expanded 
31 8800 Analog 
Zornputers) 
3ybrid Computer 
System (EA1 640 
X g i t a l  and E A I  
2314 Analog 
Zomputers) 
3 1  8812lCDC 6600 
Iybrid Computer 
Iybrid Computer 
jystem (XDS 930 
md CDC 6400 
l i g i t a l  and three 
:I 5000 Analog) 
CBM 7094-11 and 
CBM 1800 D i g i t a l  
md t h r e e  REAC 500 
h a l o g  Systems 
IBM 7094-11 and 
IBM 1800 D i g i t a l  
and t h r e e  REAC 500 
Analog Systems 
- 
'age 
- 
26 
26 
26 
30 
34 
34 
B. FLIGHT  SIEILTLATORS 
Organizat'ion 
Location 
F a c i l i t y  Name 
Simulator Name 
Grumman Aerospace Cor 
Bethpage, New York 
Grumman Systems 
Simulation Laboratory 
Two-Degree-of-Freedom 
Simulator 
(Lunar Mobile Base 
Vehicle) 
Grumman Aerospace Cor 
Bethpage, New York 
Grumman Systems 
Simulation Laboratory 
One-Sixth Gravity 
Simulator 
Hughes A i r c r a f t  Co. 
Culver City,  Calif .  
Hughes Man-Machine 
Simulation System 
Laboratory. 
General Purpose 
Cockpit Controls and 
Displays Simulator 
Hughes A i r c r a f t  Co. 
Culver City, Calif. 
Hughes Man-ilachine 
Simulation System. 
F-14 Mission Control 
Officer's Mission 
Simulator 
Hughes Aircraft Co. 
Culver City, Calif. 
Hughes Man-Machine 
Simulation System. 
Advanced Avionics 
Simulator 
Lockheed A i r c r a f t  Cor 
Sunnydale,  Calif. 
Lockheed Crew Systems 
Simulation Laboratory 
Visual Simulator 
I 
ILockheed Aircraft Cor 
ISunnydale, Calif. 
,Lockheed Crew Systems 
Simulation Laboratory 
Solar  I l lumina t ion  
Simulator 
Industry Owned) 
Purpose 
Simulation of a 
mobile   vehicle  
roving lunar  
Evaluation of 
d i f f e r e n t  
metalastic wheel 
configurat ions 
for  lunar  roving  
veh ic l e s  
Demonstration an 
evaluation of 
air-to-ground 
weapon de l ive ry  
from t a r g e t  
a c q u i s i t i o n  t o  
launch 
Evaluation of 
operator per- 
formance i n  
acquir ing tar- 
gets  under  many 
d i f f e r e n t  
simulated condi- 
t i o n s  
To demonstrate 
t h e  f e a s i b i l i t y  
of advanced 
t a c t i c a l  air- 
craf t  sys tems 
Evaluation of 
manual con t ro l  c 
space,  undersea, 
and su r face  
veh ic l e s  
Creation of spac 
photometric 
cond i t ions  fo r  
eva lua t ing   v i s i -  
b i l i t y  i n  manned 
space-vehicle 
environments 
~n t inued)  
Mot ion  
Sys tem 
Motion Base 
2-DOF 
Unknown 
Fixed Base 
Fixed Base 
Fixed Base 
Fixed Base 
Fixed Base 
Type Visual 
Presentat ion Computer Systems 
P ro jec t ion   o f  
s imulated lunar  
t e r r a i n  on rear 
pro jec t ion  screen  
i n  f r o n t  o f  t h e  
crew s t a t i o n  
IBM 7094-11 and 
IBM 1800 Digi ta l  
and t h r e e  REAC 500 
Unknown 
Heads-up d i sp lay  
te levis ion  monitor  
jrith a r e f r a c t i v e  
opt ic  co l l imat ing  
system 
F-14 MCO crew 
s ta t ion  cockpi t  
i i s p l a y s  
ladar , t a c t i c a l  
Llectronic  warfare.  
Analog Systems 
IBM 7094-11 and 
IBM 1800 D i g i t a l  
and t h r e e  REAC 500 
Analog Systems 
General-Purpose 
Hybrid Computer 
System. (XDS 9300 
D i g i t a l ,  two 
AD-4 and one 
EAI 231-R Analog 
Computers) 
General-Purpose 
Hybrid Computer 
System. (XDS 9300 
Dig i t a l ,  two 
AD-4 and one 
EA1 231-R Analog 
Computers) 
General-Purpose 
I Hybrid Computer 
md head-up d i sp lays  
located i n  t h e  
System. (XDS 9300 
AD-4 and one 2ockpit 
D i g i t a l ,  two 
EA1 231-R Analog 
Computers) 
Televised scene 
Varian 6201 with 8 elements are 
SEL  810A and 
Core Each presented at  a 
10 x 13 inch window 
through  v i r tua l  
imaging o p t i c s  
Unknown SEL 810A and 
Varian 6201 with 8 
Core Each 
- 
Page 
- 
34 
34 
40 
40 
40 
44 
44 
Location I F a c i l i t y  Name I Purpose 
simulator Name 
Lockheed Ai rc ra f t  Corp. 
Lockheed Crew Systems 
play  presenta-  Sunnydale,  Calif. 
In tegra ted  d is -  
processing, and Simulator 
sensor  da ta  Integrated Display 
vehic le  cont ro l ,  Simulation Laboratory. 
t i o n s   f o r  manual 
s i t u a t i o n   d i s -  
p lay  appl ica t ions  
Lockheed Ai rc ra f t  Corp.To o b t a i n  s t a b i l -  
Xtrietta, Georgia i t y  and con t ro l  
Lockheed F l igh t  
VTOLjSTOL Simulator 
es tab l i sh   bases  Simulation  Laboratory. 
information and 
€or  design of  
f l i g h t  c o n t r o l s  
and s t a b i l i t y  
augmentation 
Lockheed Ai rc ra f t  Corp 
i t y  and con t ro l  Marietta,  Georgia 
To o b t a i n  s t a b i l .  
f l i g h t  c o n t r o l s  Simulator 
for  des ign  of Large Transport 
e s t a b l i s h   b a s e s  Simulation Laboratory. 
information and Lockheed F l igh t  
and s t a b i l i t y  
augmentation 
Lockheed Ai rc ra f t  Corp 
Burbank, Cal i f .  
Lockheed F l igh t  
Training Simulator 
. Pr imar i ly  fo r  
t r a i n i n g  of a i r -  
l i n e  customer 
heed L-1011 
a i r c r a f t  
p i l o t s  o f  Lock- 
LTV Aerospace Corp. 
i n  v i s u a l  a i r  Air Combat Simulator 
systems i n  c l o s e  F a c i l i t i e s .  
a i r c r a f t  armamen LTV Fl ight  Simulat ion 
a i r c r a f t  and Dallas, Texas 
Evaluation of 
combat environ- 
t inued) 
Not ion  
system 
ments 
LTV Aerospace Corp. 
the handl ing Dallas,  Texas 
To inves t iga t e  
from gl ide s lopt  Simulator 
carrier approaci Ca r r i e r  Approach 
a i r c r a f t  on t h e  F a c i l i t i e s .  
q u a l i t i e s  of  an LTV Flight Simulation 
i n t e r c e p t  t o  
x x i  
ixed Base 
Fixed Base 
Hotion Base 
6-DOF 
Fixed Base 
(Two Separate 
Cockpits) 
Motion Base 
(Three Angula~ 
DOF Plus  One 
Redundant 
Degree) 
Type Visual 
Presenta t ion  I Computer Systems 
ntegrated cathode 
aster scan format 
cew s t a t i o n  i n  
8K Core Each resented at  t h e  
Varian 6201 with ay tube display 
SEL 810A and 
i r e c t  viewed front; 
rojected system by , 
l o s e d  c i r c u i t  TV 
E t h e  t e r r a i n  map 
Xosed  c i rcu i t  TV 
J i sua l  scene  tha t  
is back-projected 
m t o  a t rans lucent  
screen and viewed 
through v i r t u a l  
imaging l e n s  
Variable anamorphic 
motion p i c t u r e  
visual  system 
Computer generated 
v isua l  d i sp lay  
d i r e c t l y   p r o j e c t e d  
on the  su r face  of a 
16 f t  d i a .  s p h e r i c a  
pro jec t ion  screen  
surrounding each 
cockpit  
Computer generated 
image viewed throug 
a co l l ima t ing  l ens  
system on a shadow 
mask color  cathode 
ray tube mounted 
above the instrumen 
panel 
malog and Hybrid 
:omputers (MAC 16 
.inked through 
jour Astrodata 
htracoms to four  
:I 5000 Analog 
:onsoles) SD-80 
:omputer,  an 
CAI 131-R, and 
;o l id  S ta te  Analog 
:omputer Elements. 
Analog and Hybrid 
Computers (MAC 16 
linked through 
four  Astrodata  
In t racoms to  four  
C I  5000 Analog 
Consoles) SD-80 
Computer,  an 
EAI 131-R, and 
So l id  S ta t e  Analo 
Computer Elements 
Two XDS SIGMA I1 
D i g i t a l  Computers 
and one Honeywell 
S a t e l l i t e  
Four General 
Purpose Digi ta l  
(two XDS 930 and 
AnalogIDigital 
Linkage Systems a 
six Elec t ronic  
Associates Inc.  
Analog Consoles 
two SIGMA 51, S b  
Four General 
Purpose Digi ta l  
(two XDS 930 and 
AnalogIDigital  
Linkage Systems 
and SLY Elec t ron  
Associates Inc.  
Analog Consoles 
t W O  SIm'fA 5), Si: 
B. FLIGHT  SIMULATORS (Industry Owned) (Continued) 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
LTV Aerospace Corp. 
Dallas, Texas 
LTV Fl ight  Simulat ion 
F a c i l i t i e s .  
Mission Simulator 
(A-7 Airplane) 
LTV Aerospace Corp. 
Dallas,  Texas 
LTV Flight  Simulat ion 
F a c i l i t i e s .  
Large Amplitude 
Moving Base 
(Becomes Operational 
During Mid-1971) 
Martin Narietta Corp. 
Denver,  Colorado . 
Martin Space Opera- 
t ions Simulation 
Laboratory. 
McDonnell Douglas Corp 
S t .  Louis Missouri 
McDonnell Douglas 
Flight Simulation 
laboratory. 
!fanned Air Combat 
Simulator . 
Purpose 
To eva lua te  the  
compat ib i l i ty  ant 
func t iona l  capa- 
b i l i t y   o f  new 
avionics systems, 
cockpi t  layout ,  
and p i lo t  unde r  z 
simulated missior 
environment 
Inves t iga t ion  of 
a wide v a r i e t y  
of f l i g h t  simu- 
l a t i o n  t a s k s  
Evaluation of 
manned space 
maneuvering 
u n i t s ,  EVA, IVA, 
s p a c e  t o  ground 
tracking,  space 
to  space  track- 
ing,  rendezvous 
and docking 
Evaluation of 
manned perfor- 
mance of proposed 
weapon s y s  tems , 
f l i g h t  c o n t r o l s ,  
cockpit arrange- 
ment and displays 
f i g h t e r  gun and 
missile effec- 
t iveness ,  and 
development of 
new tactics f o r  
f i g h t e r  a i r c r a f t .  
Used t o  e v a l u a t e  
handling quali- 
ties, e s t a b l i s h  
design goals and 
t o  assess dynamic 
wing and t a i l  
loads  
Mot ion  
System 
~ 
Fixed Base 
Moving Base 
(Large Ampli- 
tude) 
5-DOF 
Motion Base 
6-DOF 
Fixed Base 
(Two Separate 
Cockpits) 
Type Visual 
Presenta t ion  
Out-of-the-window 
col l imated display 
of an austere- 
stylized-ground 
p l a n e   w r i t t e n   i n  a 
l i g h t  p e n c i l  on a 
black  background 
Unknown 
Out-of-the-window 
scene 
High r e so lu t ion  
v i r t u a l  image pro- 
j e c t i o n  i n  t h e  
forward 60 deg 
f i e l d  of view of 
t h e  t a r g e t  and 
horizon through a 
co l l ima t ing  l ens  
system.  Outside 
the forward 60 deg 
f i e ld  o f  v i ew,  the  
t a r g e t  image is 
projected on the 
i n t e r i o r  of a 20 f t  
dia .  spherical  pro-  
j e c t i o n  s c r e e n  by 
one of two r e a l  
image pro jec t ion  
systems to  provide 
complete 360 deg 
c o c k p i t   v i s i b i l i t y .  
Outside the forwari  
60 d e g  f i e l d  of 
view, a t t i t u d e  cues 
(horizon) are pro- 
vided by means of 
a t h ree  axis 
gimballed color 
horizon generator.  
~~~~ ~ ~ 
Computer Systems 
Four General 
Purpose Digi ta l  
(two XDS 930 and 
AnalogiDigital 
Linkage Systems ant 
six Elec t ronic  
Associates Inc.  
Analog Consoles 
Four General 
Purpose Digital 
(two XDS 930 and 
Analog/Digital 
Linkage Systems anc 
s i x  E l e c t r o n i c  
Associates Inc. 
Analog Consoles 
Two Computer Sys- 
tems. (one system 
contains  four  EA1 
231-R and the  o the l  
t h r e e  EA1 8800 
Analog and one 
EA1 Dig i t a l )  
two SIGMA 5) ,  six 
two SIGMA 51, s ix  
CDC 6600 D i g i t a l  
Computer System, 
one MILGO 4100 
Analog Computer, 
an ADAGE 784 Hybric 
Interface Link,  anc 
a 1700 Digigraphic: 
Display System 
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B. FLIGHT SIPNLATORS ( Industry Owned) (Continued) 
Location 
F a c i l i t y  Name 
Simulator Name 
Purpose 
s t .  Louis , G s o u r i  
4cDonnell Douglas 
? l igh t  S imula t ion  
Laboratory. 
Ia r iab le  Geometry 
jimulator 
4cDonnell Douglas COI 
St. Louis , Missouri  
4cDonnell Douglas 
?light Simulation 
Laboratory. 
4oving Base 
Simulator 
,icDonnell Douglas Cor1 
s t .  Louis , Missouri  
4cDonnell Douglas 
?light Simulation 
i b o r a t o r y .  
ipace Shuttle Fixed 
3ase Simulator 
manned perfor-  
mance of proposec 
weapon systems, 
f l i g h t  c o n t r o l s ,  
cockpit arrange- 
ment and dis-  
p l ays ,   f i gh te r  
gun and missile 
ef fec t iveness ,  
and development 
of new t a c t i c s  
f o r  f i g h t e r  air- 
c r a f t .  Used t o  
evaluate handlinl  
qua l i t i e s ,  e s t ab -  
l i sh  des ign  goa l :  
and t o  assess 
dynamic wing and 
t a i l  loads 
Evaluation of 
advanced t a c t i c a l  
f i g h t e r  and 
spacecraf t  de- 
signs. Evalua- 
t ions  inc lude  
handling and 
f l y i n g  q u a l i t i e s  
and f l i g h t ,  trim, 
and power control 
systems.  Simula- 
t ions  inc lude  
pi lot  induced 
o s c i l l a t i o n s ,  
gus t ,  and turbu- 
lent  loading.  
Accommodates pre- 
c i s ion  t racking  
and t e r r a i n  
following studier 
Engineering de- 
s ign  eva lua t ion  
of instruments  
and d isp lays ,  
subsystem manage- 
ment, human 
f a c t o r s ,  f l i g h t  
con t ro l s ,   so f t -  
ware development 
f o r  onboard com- 
puter ,  and 
vendor hardware 
Mot ion  
system 
Fixed Base 
Motion Base 
(Large Ampli- 
tude) 
5-DOF 
Fixed Base 
I 
xxiii 
High-resolution rear 
p ro jec t ed  t a rge t  and 
horizon onto a t r a n s  
lucen t  s c reen  in  
Eront of t h e  p i l o t ,  
E i l l i ng  h i s  fo rward  
60 d e g  f i e l d  of view 
3uts ide  the  60 den 
CDC 6600 D i g i t a l  
Computer System, 
one MILGO 4100 
Analog Computer, 
an ADAGE 784 Hybric 
Interface Link,  an( 
a 1700 Digigraphic: 
Display System - 
Porward view, gim- 
bal led spot  and 
horizon projectors 
3re used t o  i n d i c a t e  
the  t a rge t  and hori-  
zon. 
PV monitor viewed 
Computer System, through collimating 
CDC 6600 D i g i t a l  
pilot  viewing. 
visual system for 
Display System patched i n t o  t h e  
a 1700 Digigraphic: j i sp lays  may be 
In te r face  Link ,  an( lumber of v i s u a l  
an ADAGE 784 Hybric lens.  Any of a 
Rear pro jec t ion ,  
r e a l  image, out-of- 
window disp lay  
system,  providing 
the  p i lo t  w i th  a 
Eorward 60 deg f ie3 
3f vietz 
CDC 6600 D i g i t a l  
Computer System, 
an ADAGE 784 Hybril 
Interface Link,  anc 
a 1700 Digigraphic: 
Display System 
Page 
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B. FLIGHT  SIMULATORS (Industry Owned) (Continued) 
~~ 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
McDonnell Douglas Cc 
Houston,  Texas 
McDonnell Douglas 
Houston Operations 
S imula t ion  Fac i l i ty .  
Command Module 
Docking Simulator 
McDonnell Douglas Cc 
Houston,  Texas 
McDonnell Douglas 
Houston Operations 
Simulat ion Faci l i ty .  
Apollo Telescope 
Mount Software 
Simulator 
McDonnell Douglas Ca 
Long Beach, Calif. 
McDonnell Douglas 
Systems Simulation 
Laboratory 
North American 
Rockwell Corp. 
Columbus , Ohio 
NAR Engineering 
Simulation and 
Computing Laboratory 
Visual  Fl ight  
Simulator 
North American 
Rockwell Corp. 
Columbus,  Ohio 
NAR Engineering 
Simulation and 
Computing Laboratory 
Tactical Weapons 
Simulator 
North American 
Rockwell Corp. 
Columbus,  Ohio 
S A R  Engineering 
Simulation and Com- 
puting Laboratory. 
Four-Degree-of-Freed 
Dynamic F l igh t  
Simulator 
Purpose 
Analysis of 
docking perfor- 
mance, con t ro l ,  
in-fl ight opera- 
t i ons ,  and hard- 
ware. 
Fami l ia r iza t ion  
of Skylab astro- 
nauts  wi th  the  
Apollo telescope 
mount software 
system and evalu- 
a t ion  o f  t he  man- 
machine interfact 
Real t i m e  closed 
loop simulation 
s t u d i e s  p l u s  a 
l a r g e   v a r i e t y   o f  
a n a l y t i c a l  
s tud ie s  
VTOL a i r c r a f t  
simulation,  luna1 
landings,  TV- 
guided missile 
s tud ie s ,  and 
carrier-approach 
inves t iga t ions  
Evaluation and 
development of 
air and space 
vehicular  sys-  
tems. Includes 
the s imulat ion of 
i n t e r n a l  and ex- 
ternal  environ-  
ments and motion 
dynamics r e l a t e d  
v i r t u a l l y  t o  any 
vehicular system 
Simulation of 
manned and un- 
manned veh ic l e  
real time motion 
dynamics 
Motion 
System 
Fixed Base 
Fixed Base 
Unknown 
Fixed Base 
Fixed Base 
Yotion Base 
5-DOF 
Type Visua l  
Presenta t ion  
Out-of-window v i sua  
docking cues pro- 
vided by a closed 
c i r c u i t  t e l e v i s i o n  
system 
Unknown 
Color  te levis ion 
monitors and c o l l i -  
mating lens systems 
a f f i x e d  t o  t h e  
cockpi t s  for  presen  
t a t i o n  o f  t h e  
forward view t o   t h e  
p i l o t  and cop i lo t  
Closed c i r c u i t  TV o 
three-dimensional 
t e r r a i n  models pro- 
j ec t ed  on a screen  
which is v i s i b l e  t o  
t h e  p i l o t .  
Closed c i r c u i t  TV o 
three-dimensional 
t e r r a i n  models pro- 
j ec t ed  on a  screen 
which is v i s i b l e  t o  
t h e  p i l o t  
Moving d i sp lays  
using TV, f i l m ,  o r  
s l ides  provided on 
an  ex terna l  sc reen  
o r  t e l e v i s i o n  
monitor 
Computer Systems 
Hybrid  Computer 
(CDC 3200 D i g i t a l ,  
EA1 131-R Analog 
Computer,  and an 
ADAGE 660 Hybrid 
Interface Link) 
Hybrid  Computer 
System (CDC 3200 
Dig i t a l ,  EA1 131-R 
Analog Computer, 
and an ADAGE 660 
Hybrid In t e r f ace  
Link) 
Hybrid  Computing 
F a c i l i t y  (XDS 
SIGMA 5  Dig i t a l  
and  two MILGO 4100 
seven C I  175, and 
two  Beckman  2132 
systems) 
AnalogIHybrid 
Computing F a c i l i t y  
(DDP-19,  DDP-24, 
and EA1 8400 Digi- 
t a l  and BB-1100  an1 
EA1 231-R Analog) 
halog/Hybrid 
Zomputing F a c i l i t y  
(DDP-19 , DDP-24 , 
and EA1 8400 
Digital  and BB-1101 
and EA1 231-R 
h a l o g )  
halogIHybrid 
Zomputing F a c i l i t y  
(DDP-19,  DDP-24, 
and EA1 8400 
l i g i t a l  and BB-1101 
and EA1 231-R 
h a l o g )  
- 
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B. FLIGHT  SIHULATORS (Industry Ormed) (Continued) 
Location 
F a c i l i t y  Name 1 Purpose 
Simulator Name 
I 
Yorth American 
Kockwell Corp. 
Los Angeles Calif. 
YAR Fl igh t  and Systems 
Simulation Laboratory. 
>Seat Simulator 
:Jorth American 
bckwell Corp. 
Los Angeles Calif. 
NAR Fl ight  and Systems 
Simulation Laboratory. 
XOTRAN Simulator 
Vorth American 
Rockvell Corp. 
Los Angeles, Calif. 
NAR Fl igh t  and Systems 
Simulation Laboratory. 
Pransport  Aircraf t  
Simulator 
Invest igat ion of  
human f a c t o r s  in  
acce le ra t ion  and 
v ib ra to ry  
environments 
To study hover 
and  t r ans i t i on  
phases  of  ver t i -  
ca l  t akeof f  and 
l a n d i n g  a i r c r a f t  
p l u s  t h e  e n t i r e  
range  of  tac t ica l  
a i r c r a f t  
To determine,   the  
va l id i ty  of  us ing  
motion base simu- 
l a t i o n  t o  p r e d i c t  
j e t  t ranspor t  
landing impact 
 also used  for  cha rac t e r i s t i c s .  
analyzing han- 
d l i n g   q u a l i t i e s ,  
con t ro l s  and d is -  
plays , and V/ ST01 
t r anspor t  
c h a r a c t e r i s t i c s  
North American 
in-the-loop Rockwell Corp. 
Unmanned o r  man- 
vehicle  charac-  N A R  Fl ight  Simulat ion 
simulation of Dobmey , Cal i f .  
Laboratory. t e r i s t i c s  and 
Apollo-Type Simulators major subsystems 
(Two Separate Command 
Lbdules) 
North American 
Rockvell Corp. 
Dobmey , Cal i f .  
LIAR Fl ight  Simulat ion 
Laboratory. 
Dynamic Motion 
Simulator 
Teledyne Ryan 
Aeronautical Company 
San Diego, Calif. 
Teledyne Ryan F l igh t  
Simulation Laboratory 
For imparting 
dynamic motion t c  
guidance system 
i n e r t i a l   s e n s o r s  
Development and 
use of 6-degree- 
of-freedom simu- 
l a t i o n s  f o r  
engineering eval-  
u a t i o n ,  p i l o t  
t r a in ing ,  and 
hardware studies 
Not ion  
System 
Motion Base 
(Vertical) 
1-DOF 
Motion Base 
3-DOF 
Motion Base 
(P i tch  & Roll)  
2-DOF 
Fixed Base 
Motion Base 
3-DOF 
Unknown 
T y p e  Visua l  
Presenta t ion  
Unknotm 
,lased c i r c u i t  
e l ev i s ion  d i sp lay  
f t e r ra in  models ,  
.orizon, and t a r g e t  
mages 
llosed c i r c u i t  
e l ev i s ion  d i sp lay  
,f t e r ra in  models ,  
.orizon, and t a r g e t  
mages 
llosed c i r c u i t  TV 
,ystem presenting 
: a r th ,  star f i e l d ,  
loonscape,  and 
,endemous-vehicle 
cenes.  One  command 
lodule has a sex tan t  
. e lescope   v i sua l  
l isplay 
Unknown 
Unknotm 
- 
- - 
H 
E 
D 
G 
A 
H 
E 
D 
G 
A 
H 
E 
E 
G 
A 
c 
C 
( 
a 
t 
C 
a 
I: 
C 
I: 
C 
( 
t 
C 
I 
C 
I 
C 
i 
1 
- 
~~~ 
Computer Systems 
[ybr i d  Computer 
' a c i l i t y  (XDS 9300 
l i g i t a l  and e igh t  
:enera1 Purpose 
nalog Computers) 
iybrid Computer 
' a c i l i t y  (XDS 9300 
l i g i t a l  and e i g h t  
:enera1 Purpose 
nalog Computers) 
[ybrid Computer 
' a c i l i t y  (XDS 9300 
l i g i t a l  and e i g h t  
:enera1 Purpose 
na log  Computers) 
I igitalfAnalog 
:omputer System 
:XDS 9300 D i g i t a l  
md 12 EA1 231-R, 
:hree FA1 TR-48, 
)ne Beckman 300, 
md two EA1 350 
) ig i t a l  Opera t ions  
iys t ems 
)igital/Analog 
Zomputer System 
:XDS 9300 D i g i t a l  
md 1 2  EA1 231-R, 
:hree EA1 TR-48, 
)ne Beckman 300, 
md two ??AI 350 
)&ita1 Operations 
iys t ems 
CAI 8400 D i g i t a l  
md one 231-R  GPAC, 
me 8800 GPAC , and 
5ve 31R GPAC Ana- 
.og Complement 
'age 
- 
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122 
122 
126 
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130 
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B. FLIGHT SIMULATORS 
Organization 
Location 
F a c i l i t y  Name 
Simulator Name 
United Aircraf t  Corp. 
East Hartford,  Conn. 
Base Simulator 
V/STOL Moving 
:Industry Owned) 
Purpose 
For r e a l i s t i c a l l  
appra is ing  the  
performance of 
pi lot-vehicle  
dynamics f o r  
proposed V/STOL 
a i r c ra f t  sys t ems  
and subsystems 
ontinued) 
Motion 
system 
Motion Base 
6-DOF 
Type Visual 
Presentat ion 
rV monitors mounted 
in t h e  windwhield 
? re sen t ing  r ea l  
Jor ld  d isp lay  to  
simulate VFR f l i g h t  
ldvanced IFR 
l i sp lays  a re  pre-  
sented on 9-inch 
W monitors mounted 
in the instrument  
Jane1 
Computer Systems 
D i g i t a l  Equipment 
Corporation PDP-6 
Computer and two 
Beckman 1100 
Se r i e s  and one 
Beckman 2133 Ser i e  
Analog Computers 
C .   S I M U L A T I O N   F A C I L I T I E S  
1 
AIR FORCE CREX  STATION  SIMULATION  FACILITY 
REPORTING INSTALLATION:  STA US F  FACILITY: Active 
United  States  Air Force COGNIZANT ORGANIZATIONAL COMPONENT: 
Aeronautical Systems Division I Deputy for   Engineer ing I Personnel  Subsystems  Branch (ASD/ENCCP) 
Wr&hh;-Patterson AFB.-Ohio 45433 
OTHER SOURCES  OF  INF RMATION: t LOCAL OFFICE TO CONTACT FOR  INFORMATION: 
Crew S ta t ion  S imula t ion  Fac i l i t y  
Phone:  (513) 255-2314 Phone: (513) 255-4258 
P. T. Kemmerling, Jr., Major, USAF Mr. R. Geise lhar t  
Personnel Subsystems Branch 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Crew S ta t ion  S imula t ion  Fac i l i ty  (CSSF) is used as a human engineer ing tool  to  
assist the systems engineer during weapon system development and implementation. The engineer is f re -  
quent ly  ca l led  upon t o  make decisions concerning hardware,  feasibil i ty and system design problems when 
l i t t l e  o r  no information is a v a i l a b l e  t o  him on total  system performance with the human o p e r a t o r  i n  t h e  
loop. The f a c i l i t y  is organized to  provide t imely answers to  such  problems. It is composed  of t h ree  
d i g i t a l  computers, three crew s ta t ion  s imula tors ,  th ree  mot ion  p la t forms ,  two t e r r a i n  maps, one TV-type 
landmass, one radar landmass, a d i g i t a l  t a r g e t  g e n e r a t o r  and other associated hardware.  
Any o r  a l l  of the computers can be connected to any of the crew s t a t i o n  s i m u l a t o r s .  Two of t h e  crew 
s ta t ions  can  be  opera ted  s imul taneous ly .  
The crew s t a t i o n s  are fu l l - sca l e  r ep l i cas  of. t h e  FB-111A, C-135B and F-4D cockpits and each can be 
modi f ied  to  o ther  conf igura t ions  wi th in  limits. A s  an example, t he  p i lo t ' s  s t a t ion  ( in s t rumen t  pane l )  
of  the C-135B is present ly .conf igured  as tha t  o f  t he  C-5A. 
COMPUTERS: A SIGMA 5 and two Singer/Link MARK I d i g i t a l  computers comprise the basic computational 
group. The SIGMA 5 is the pr imary system, compris ing three paral le l  central  processors  with 131,072 
words of core memory and four Input/Output processors.  Each MARK I has one central  processor ,  two d a t a  
re t r ieval  systems and 64,000 words of program memory.  One MARK I is p r e s e n t l y  i n  p a r a l l e l  w i t h  t h e  
SIGMA 5 to provide simultaneous real  t i m e  dynamics f o r  two cockpits.  The second MARK I is used f o r  
systems expansion as needed, with all th ree  communicating i n  real time. A RCA-703 is the  bas i c  cen t r a l  
p r o c e s s o r  o f  t h e  d i g i t a l  t a r g e t  g e n e r a t o r  (DTG) and is l i n k e d  d i r e c t l y  t o  t h e  SIGMA 5. 
The converters (analog-to-digital  and digital-to-analog) are completely modularized for ease of 
expansion. The c o n t r o l l e r s  and addressing capabi l i ty  are present ,  and only additional backplates need 
t o   b e  added. 
MOTION PLATFORMS: Al three  crew s t a t ion  cockp i t  s imu la to r s  are on motion platforms. The FB-11lA has 
a 5 degree of  f reedom system with the fol lowing character is t ics .  
Angular p i t c h  - 25 degrees of nose up 
Angular r o l l  - 10 degrees of l e f t  and r i g h t  r o l l  
Angular yaw - 5 degrees  of l e f t  and r i g h t  yaw 
Vertical t r a n s l a t i o n  - 0 t o  p l u s  24 inches 
Lateral t r a n s l a t i o n  - plus and minus 6 inches 
15 degrees of nose down 
FACILITY COST HISTORY 
AVERAGE ESTIMATED OPERATING 
CONTRACTOR:  ASD, Deputy for   Engineer ing LOCATION: Wright-Patterson AFB, Ohio 
ESTIMATED  REPLACEMENT  VALUE $11,000,000 COST  ( YPICAL  8-HOUR SHIlT):  $400 . CONSTRUCPION YEAR: 1966 COST $ 100,000 
IMPROVEMENTS AND COSTS: (1966-70) F-111 simulator,  Cost  $2,800,000;  (1968) C-135B sirnulator,  
Cost  $1,200,000;  (1968) F-4C cockpit ,  Cost $400,000;  (1970) FB-11lA simulator,  Cost $5,600,000; 
(1969) F-11lA visual system, Cost $1,000,000. 
NOTE: These items were obtained as surp lus  and  cos t  f igures  are replacement value rather than 
PLANS  FOR  FACILITY IMPROVEMENTS: 
or ig ina l   va lue .  
2 
MOTION  PLATFORMs  (CONTINUED) 
The o t h e r  two platforms have three degree of freedom systems with the following characterist ics.  
Angular p i t c h  - 25 degrees of nose up 
Angular r o l l  - p l u s  or minus 9 degrees of r o l l  
Vertical t r a n s l a t i o n  - p l u s   o r  minus 12 inches 
15 degrees of p i t c h  dawn 
Both motion bases  have the fol lowing accelerat ion capabi l i t ies .  
P i t c h  - 5 0 " f s e d  
11011 - 50°/sec2 
Vertical - t .8g of normal 1g 
VISUAL SYSTEMS: The bas ic  v isua l  suppor t  package  cons is t s  of two moving model systems (modified 
SMK-23's) and one photographic scanning system. The SMK-23's are three-dimensional: one is 12000:1, 
used f o r  low leve l  naviga t ion ,  and t h e  o t h e r  3000:1, used  for  TO'S and landings. Closed circuit 
t e l e v i s i o n  is used t o   p i c k  up t h e  v i s u a l  and d isp lay  i t  t h r o u g h  c o l l i m a t i n g  l e n s e s  t o  t h e  p i l o t  i n  t h e  
cockpit. This is a 1000-line  black-and-white  system. The photographic scanning system uses two photo- 
g raph ic  p l a t e s  t ha t  p re sen t  t he  v i sua l  s cene  and its elevation information. This is a 525 l ine  b l ack -  
and-white TV sys tem tha t  can  be  presented  to  the  p i lo t .  
RADAR: There are three  radar  sys tems tha t  can  be  s imula ted  in  prec ise  de ta i l .  me systems,  a t tack 
radar ,  terrain following and avoidance radar and the radar homing and warning, comprise the basic support 
package. They can be modified i n  b o t h  d i s p l a y  and mode funct ions to  s imulate  systems under  analysis .  
3 
FACILITY LAYOUT 
1. Experirnenler's Area 
3. Digital Target Generator 
4. Land hlass 
2. S l G R  5 
5. fr1K.l 
6. IrlK-l 
7. Visual Systems (Not Shovm, 
They are External lo he Vault) 
OPERATIONAL DIAGRAM 
~ 
Information Buss "- 
Crew Station 904 D/A 3 Video-Radar 
FB-111A 328 A D  3 Video-Visual 
* 4608 Discrete Input 
6144 Discrete Output 1 
Crew Station Task Monitoring 
C-135B d Systems 
Digital  Conversion  Digilal  Conversion 
Equipment Equipment  Equipmenl 
Digital  Conversion 
Crew Station I I I 
I H - 1  Wultiplex  Magnetic Input Output 
Radar 
Land P a s s  Mixer 
131,000 Word 
Core f h o r y  
RCA Digital  Target 
Generator 
64,000 Word 
Program 
lernory 
I ~ 
Park I 
2000 Word - 2000 lord I 
Core f k m x y  
Central 
Processor 
Data 
Retrieval 
Mark I 
Core lernory 
I I 
64,M)O Word 
Program 
Memory 
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AIR  FORCE  DYNAMIC  ENVIRONMENT  SIMULATOR 
REPORTING  INSTALLATION:  STATUS  OF  FACILITY:  Active 
United  States  Air  Force  COGNIZANT  RGANIZ TIONAL  COMP ENT: 1 
I Aerospace  Medical  Research  Laboratory Wright-Patterson AFB, Ohio I I Aerospace  Medical  Research  Laboratory 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
AMRL (EMS), Area B, Bldg 33 
Wright-Patterson AFB, Ohio 
~~~~~ ~ 
DESCRIPTION AND TESTING  CAPABILITIES 
~~~~~~ 
FACILITY  DESCRIPTION:  The  Dynamic  Environment  Simulator  is  a  19  ft  radius,  double  gimballed  human 
centrifuge.  The  main  arm  is  capable of rotating  at 55 rpm,  which  produces  a  2Og  field.  The 10 ft 
diameter  spherical  cab  may  be  rotated  or  oscillated  up  to  50  rpm  while  the  fork  axis  is  capable  of 30 
rpm.  Provision  also  exists  for  controlling  the  climatic  and  atmospheric  conditions  within  the  cab. 
A  removable  vibration  platform is under  development. 
The  control  system  uses  a  PDP-1  digital  computer  and  provides  for  manual,  automatic,  or  closed loop 
operation.  Approximately  200  slip  ring  connections  are  available  for  instrumentation. 
TESTING  CAPABILITIES:  This  facility  provides  for  the  simultaneous  simulation  of  most  of  the  stresses 
encountered  by  aircrew  members  during  flight  and  escape  maneuvers. 
FACILITY  COST  HISTORY 
AVERAGE  ESTIMATED  OPERATING 
ESTIMATED  REPLACEMENT VALUE $12,000,000 COST (TYPICAL 8-HOUR  SHIFP)  $1,500 
CONSTRUCTION YEAR: 1962-68  COST $ 6,500,000 
DlPROVEMENTS AND COSTS:  (1968-69)  General  development  and  reliability  improvements,  Cost  $200,000. 
CONTRACTOR:  Franklin  Institute  LO ATION:  Philadelph a,  P .
PLANS  FOR  FACILITY  IMPROVEMENTS:  Upgrade  system  performance;  develop  closed  loop  combat  maneuvering 
simulations. 
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FACILITY LAYOUT 
Dynamic  Environment Simulator 
OPERATIONAL DIAGRAM 
Not Available 
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AIR FORCE  SIMULATION AND TRAINING MEDIA D F L O P M E N T  SYSTEM 
REPORTING INSTALLATION: STATUS  OF  ACILITY: Standby for  Modif icat ion 
Air Force Human Resources Laboratory 
Advanced Systems Division, USAF Brooks Air Force Base 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
T e x a s  
O T B W  SOURCES  OF  INFORMATION: LOCAL OFFICE TO CONTACT  FOR INFORMATION: 
WPAFB (N. Schwartz) AF HRL (TRI) 
Resources and Instrumentat ion Branch 
Phone: (513) 255-5910 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Simulation and Training Media Development System is a labora tory  complex f o r  
conducting exploratory development i n   t h e  areas of  s imula t ion  techniques ,  ins t ruc t iona l  media and t r a in -  
ing innovations.  Ir is composed of an ME-1 inst rument  t ra iner  modif ied to  c losely resemble the cockpi t  
of a T-37 aircraft. The cockpi t  has  a r o l l  and pitch motion base.  The t ra iner ,  formerly dr iven by a 
special-purpose analog computer, is being modified to be driven by a d i g i t a l  computer. A TV v i s u a l  d i s -  
play can be provided on a TV monitor mounted on the  cockpi t .  The v i sua l  d i sp l ay  is provided by a modi- 
f i e d  SMK-23 Visual Simulator Trainer.Attachment,  consisting of a three-dimensional model which is viewed 
by a 1000-line TV camera. The model r e p r e s e n t s  a n  a i r f i e l d  and surrounding terrain features .  This  
model is mounted on an endless belt  which is servo dr iven for  the longi tudinal  motion of t h e  a i r c r a f t .  
The t e l e v i s i o n  camera views t he  model through an optical probe. This probe is servoed to provide the 
ro ta t iona l  mot ions  of  az imuth ,  ro l l  and p i t c h  o f  t h e  a i r c r a f t .  The probe and t e l e v i s i o n  camera are 
mounted on a servoed platform, which moves across  the  model f o r   l a t i t u d i n a l  movements, and i n  and out  
from the  model t o  simulate a l t i t u d e .  
The modif icat ions to  dr ive the s imulator  f rom a d i g i t a l   f a c i l i t y  are scheduled to be completed i n  
Ju ly  of  1971. 
The computing f a c i l i t y   w i l l   c o n s i s t   o f  an XDS SIGMA 5 computer with a 16,O.OO word magnetic core memory. 
Computer words will be 32 b i t s .  Pe r iphe ra l  equipment will include a medium-speed l i n e  p r i n t e r ,  and card 
punch and reader. 
FACILITY  COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
CONTRACTOR: Internal ly   onstructed LOCATION: 
IMPROVEMENTS AND COSTS: 
. COST  ( YPICAL 8-HOUR SHIFT): $200 
CONSTRUCTION YEAR: 1969 COST $Not Available 
ESTIMATED  REPLACEMENT  VALUE $750,000 
PLANS FOR FACILITY  IMPROVEMENTS: Replace analog computers with digital  equipment,  and install  
140' wide-angle optical  probe and associated TV modif icat ions.  
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FACILITY LAYOUT 
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BELL  VISUAL  SIMULATION  FACILITY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
Bell Aerospace Company, Division of Textron COGNIZANT ORGANIZATIONAL  COMPONENT: I - "P.O.  Box 1- Buffalo, New York 14240 I Elec t ron ic  Data Processing Department 
OTHER  SOURCES  OF INFORMATION: LOCAL OFFICE TO CONTACT FOR  INFORMATION: 
Electronic Data Processing Department 
Phone:  (716)  297-1000, e x t  7196 
R. E. Ca r ro l l ,  Dept 181, Mail Zone C-6 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The v i s u a l  s i m u l a t i o n  f a c i l i t y  p r o v i d e s  d i s p l a y s  and v i s u a l  a i d s  f o r  man-in-the- 
loop projects .  Equipment i n  t h e  visual s i m u l a t i o n  f a c i l i t y  can be electronical ly  coupled with the 
analog computers and cockpit consoles to provide a wide var ie ty  of  s imulated space,  lunar ,  and e a r t h  
environments. Image generation equipment includes a six-degree-of-freedom  camera-model-track cons i s t ing  
of a TV camera and optical  probe mounted on a gantry system. Images of s c a l e d  t e r r a i n  and vehic le  
models can be  t ransmi t ted  via c l o s e d  c i r c u i t  t e l e v i s i o n  t o  a back-pro jec ted  screen  in  f ront  of  a  p i lo t  
cockp i t  s t a t ion .  S t a r f i e lds  and cons t e l l a t ion  pa t t e rns  can be generated with a planetarium and super- 
imposed onto the camera-model-track image f o r  realistic background e f f e c t s .  An e lec t ron ic  image  gen- 
erator produces stereo images which, when used with polarized glasses,  provides depth image perception. 
HYBRID  COMPUTER  COMPLEX: 
Analog - The p resen t  conf igu ra t ion  f ea tu res  one TR-48 and three Electronic Associates Pace 231-R 
analog consoles ,  together  with two Applied Dynamics AD-4 analog/hybrid computers. The 231-R equip- 
ment  complement inc ludes  324 opera t iona l  ampl i f ie rs  (72 are in t eg ra to r s ) ,  320 potentiometers,  42 
comparators ,  42 electronic  mult ipl iers ,  14 servo mult ipl iers ,  14 resolvers  and 34 diode funct ion 
generators.  The EAI TR-48 c o n t a i n s  s o l i d - s t a t e  c i r c u i t r y  w i t h  58 opera t iona l  ampl i f ie rs .  Each AD-4 
hybrid computer consists of  336 operat ional  amplif iers  ( including 64 i n t e g r a t o r s ) ,  and 200 servo-set 
potentiometers.  Nonlinear equipment includes 60 e l ec t ron ic  mul t ip l i e r s  and  20 diode function genera- 
t o r s .  An independent logic patchboard consists of  24 comparators, 72 log ic  ga t e s ,  24 f l i p - f lops ,  
and 24 track and store networks.  Observation of analog output is e f f ec t ed  by modern s t r ip -cha r t  
recorders and X-Y p l o t t e r s .  
D i g i t a l  - The IBM 7090 computer is the  p r inc ipa l  p rocesso r  i n  the  hybr id  computing f a c i l i t y .  Its 
c h i e f  a t t r i b u t e s  are s o l i d s t a t e   c i r c u i t r y ,  a random access  memory with a capacity of 32,768 words, 
and a CPU cycle time of 2.18 microseconds. Accessed through two data channels is a complement  of 
pe r iphe ra l  equipment which includes 12 magnetic tape drives, a p r i n t e r ,  a card reader and a d i r e c t  
da t a  connec t ion  fo r  spec ia l  i npu t /ou tpu t  dev ices  such  a s  l i nkage  to  the  ana log  computing system. 
Hybrid In t e r f ace  - Three hybrid interface systems are ava i lab le .  The f i r s t  c o n s i s t s  of 15  A/D chan- 
ne l s ,  20 DIA channe l s ,  10  d i sc re t e  s ense  l i nes  and an interrupt  timer. This system, developed entirely 
by Bell, l inks the analog machines  to  the digi ta l  computer  for  t ransmission of 14-bit  data words 
( including s ign) .  Data conversion times (125 microseconds A/D and 10 microseconds D/A) are included 
i n  t h e  t o t a l  (minimum) transmission t imes of 220 microseconds A/D and 120 microseconds D/A and permit 
t r a n s f e r  rates of over 4000 words per second A/D and 8000 words per second b /A .  
The two f a s t e r  AlL4 hybrid interface systems each consis t  of  16 D/A channels and 16 A/D channels. 
Data words are 16  b i t s  long  wi th  t ransmiss ion  rates of 90 microseconds A/D and 80 microseconds D/A. 
An advanced addressing scheme enab le s  the  d ig i t a l  computer to  access  any amplif ier ,  t runk,  coeff ic ient  
device or  diode funct ion generator .  Analog con t ro l ,  l og ic  modes  of operation, and in t eg ra to r  time 
FACILITY COST HISTORY 
AVERAGE ESTIMATED  OPERATING CONSTRUCTION YEAR: 1966 COST $ 753,000 
CONTRACTOR: Internal ly   Constructed LOCATION: Buffalo, New York 
IMPROVEMENTS AND COSTS: (1967) Two AD-4 analoglhybrid computers with A/D and D/A converters,  
Cost $410,000. 
COST  ( YPICAL  8-HOUR SHIFT) : $5,000 ESTIMATED REPLACEMENT VALUE $1.300.000 
PLANS  FOR  FACILITY  IMPROVEMENTS: Improve TV system to 1029 line system. 
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HYBRID COMPUTER COMPLEX (CONTINUED) 
scal ing can be control led from the digi ta l  port ion of  the program. The d i g i t a l  program can a l s o  b e  
made aware of an analog error condition, such as overload, AID conversion,  or  addressing errors .  
SIMULATION E A R D W A F E :  
Planetarium - This u n i t  is a 48-inch opaque f ibe rg la s s   sphe re   w i th  a t e l e v i s i o n  camera mounted within.  
The sur face  of the  sphere  conta ins  small holes  a t  the  loca t ions  of stars from t h e  f i r s t  t o  t h e  f o u r t h  
magnitude i n  the  celestial sphere,  the size of each hole being proportional to the star's br ightness .  
Horizon Generator - A 525 l i n e  black-and-white te lev is ion  sys tem s imula tes  a horizon by use of a 
camera and oscil loscope. 
Ter ra in  Map - The t e r r a i n  map includes a hor izonta l ly  mounted gantry system consisting of a TV camera 
and opt ica l  p robe .  The system was.developed for the purpose of generating TV images of t e r r a i n  and 
rendezvous models. The map, f o r  example, has been modeled into a 600:l approximation of the lunar 
sur face ;  a 50:l approximation of carrier landings; and a 300:l approximation of an Air Cushion 
Vehicle docking. The system has six degrees of freedom. 
Elec t ronic  Image Generator -.An e l e c t r o n i c  image generator is a device  tha t  p resents  two six-degree- 
of-freedom computer-controlled images of a rec tangular  para l le lep iped  on a 9 x 12 foot  non- 
depolar iz ing back-project ing screen in  such a way that  through the use of  polar ized eye glasses ,  an 
operator  can take advantage of  his  binocular  vis ion to  obtain depth cues,  thus aiding him i n   h i s  
range judgements. 
Cockpit Simulators - The f ac i l i t y  can  p rov ide  cockp i t  s imu la to r s  f i t t ed  wi th  a wide  va r i e ty  o f  p i lo t  
cont ro ls ,  inc luding  s t ick ,  peda ls ,  and th ro t t l e ,  w i th  co l l ec t ive ,  va r i ab le  b reakou t  and fo rce  g rad ien t s ;  
hydraulic feed system; 3-&s s i d e  arm con t ro l l e r ;  mode se l ec to r s ;  i nd ica to r  lamps; spacecraft  rocket 
t h rus t e r  con t ro l s ;  spec ia l i zed  Air Cushion Vehicle controls and computer controls, a l l  providing 
e l ec t r i ca l  s igna l s  p ropor t iona l  t o  con t ro l  d i sp l acemen t s .  Osc i l l og raph ic  and instrument panel 
components  can be readi ly  var ied for  different  configurat ions of  display.  Some of the Bell cockpi ts  
are fixed base,  and others movable base with motions of p i t c h ,   r o l l  and yaw angles. 
Fixed base cockpi t  s imulators  have been used in  (1)  air cushion  vehic le  s tud ies  wi th  a dynamic out- 
the-window display of  a mother sh ip  aga ins t  a t y p i c a l  sea, (2) evaluation of maneuvering and control 
c h a r a c t e r i s t i c s  o f  a spacecraft  in the environment of a mother ship, (3) the  energy management of a 
re-entry vehicle,  ( 4 )  an all-weather carrier landing system, (5) a VTOL research t ransport ,  (6)  a 
lunar landing training vehicle,  and (7) a multi-mode airborne hel icopter  landing system. 
Moving base cockpits have been used i n  s i m u l a t i o n  s t u d i e s  of an Air Cushion Vehicle. A hydraul ica l ly  
powered operator cabin complete with controls and instrument panel was employed.  The cockpi t  
responded to motions of water s i d e s l i p  (245 degrees) and r o l l  (f 12.5 degrees). Several types of 
moving base cockpits have have been used in conjunction with the visual generation equipment to 
s imula te  rocke t  propel led  lunar  t ranspor ta t ion  vehic les .  One of  these was t h e  I-fanned Flying System 
f l i g h t   s i m u l a t o r ,  which consisted of a one-man seat capable  of  being hydraul ical ly  dr iven f 60 degrees 
in pitching motion, and a horizon generator  capable  of  producing rol l  and pitch motions of f 60 degrees 
each, as well as producing  a l t i tude  changes .  In  order  to  eva lua te  the  handl ing  qua l i t i es  and  cont ro l  
c h a r a c t e r i s t i c s  of the 0ne"an Lunar Flying Vehicle,  various methods of c o n t r o l  were s imula ted  in  a 
lunar environment which included kinesthetic control. The o p e r a t o r  s t a t i o n  was  at  the  in t e r sec t ion  o f  
two beams a t  r igh t  ang le s  mounted on a u n i v e r s a l  j o i n t ,  so  t h a t  i t  could  respond to  p i lo t  inputs  of  
f 30 degrees  pi tch and f 15 degrees  ro l l .  The moments of  iner t ia  of  the  p la t form could  eas i ly  be  
var ied  by pos i t ion ing  d i f fe ren t  weights  a t  d i f f e ren t  l oca t ions  a long  the  beams. Another p a r t  of t he  
same simulations study w a s  the  eva lua t ion  of  manual t h r u s t   v e c t o r   c o n t r o l  by u t i l i z i n g  a 3-axis p i l o t  
s t a t i o n  d r i v e n  i n  p i t c h ,  r o l l  and yaw. This was used in  conjunct ion  wi th  a projected lunar scene from 
which the  p i lo t  de r ived  the  th ree  t r ans l a t iona l  cues  (down range, lateral and a l t i t u d e ) .  S i n c e  t h e  
p i l o t  is an  in t eg ra l  pa r t  o f  t he  con t ro l  sys t em,  the  sens ing  of body.motion is an important cue which 
e n a b l e s  c o n t r o l l a b i l i t y  of  these vehicles .  The 3-axis p i l o t  s t a t i o n  p r o v i d e d  k 60 degrees  ro ta t ion  
i n   p i t c h ,  2 180 degrees i n  yaw, and 5 15 d e g r e e s  i n  r o l l .  
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BOEING AEROSPACE  VISUAL  FLIGHT  SIMlTLATOR 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
The Boeing Company COGNIZANT ORGANIZATIONAL COMPONENT: i 
I P.O.  Box 3999 S e a t t l e ,  Washington 98124 I Aerospace Group, Space Division 
OTHER  SOURCES OF INFORMATION: LOCAL  OFFICE  TO CONTACT FOR  INFORMATION: 
Visual Flight Simulator 
Phone:  (206) 773-1170 
T. K. Mi, M-S 86-04 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Flight Visual Simulation Facil i ty features modular components which may be 
arranged i n  a var ie ty  of  d i f fe ren t  s imula t ion  sys tems.  The bas i c  components inc lude  a d i g i t a l  computer 
system, scene models,  closed circuit  TV visual  display system and several  f ixed based crew stat ions.  
CONPUTER  EQUIPMENT: One Xerox Data Systems ( X D S )  930 d i g i t a l  computer i n  conjunction with a Varian 6221 
d i g i t a l  computer and a Sanders ADDS 900 graphics  display system provides  the basic  computer  requirements  
f o r  t h e  f a c i l i t y .  A second WS 930 has  and can be t ied into the system if  addi t ional  capabi l i ty  i s  
required. 
The XDS 930 d i g i t a l  computer provides a 16K word core  memory, 24-bit word length, 1.925 microsecond 
memory cyc le  time, 96 analog input channels from simulator equipment (providing 0.2 percent analog-to- 
d ig i t a l  conve r s ion  accu racy ) ,  192  s ing le  b i t  Boolean or  switching inputs  to  the computer ,  108 analog 
data output channels to simulator equipment (providing 0.2 percent analog conversion accuracy and 12  to  
1 6  b i t  d i g i t a l  o u t p u t  r e g i s t e r s ) ,  and 216 s i n g l e   b i t  Boolean or switching outputs to simulator equip- 
ment. Peripheral equipment includes two electric typewri te rs ,  two paper tape readers and punch, two 
card readers ,  two l i ne  p r in t e r s ,  magne t i c  t ape  units, chart  records,  and a dual  cont ro l  console  wi th  
regis ter  access  and readout  capabi l i ty .  
The Varian 6221 digi ta l  computer  character is t ics  include a 4,096 word core  memory, 18-bit word length ,  
1.8 microsecond memory cyc le  time, and a t iming  and  s igna l  process ing  uni t  which  enables  th i s  sys tem 
t o  o p e r a t e  i n  conjunct ion with the XDS 930 computer. 
VISUAL  DISPLAY  SYSTEM: A h igh  r e so lu t ion  c losed  c i r cu i t  TV visual display system consists of photo- 
mechanisms for  an  opt ica l  p robe  sys tem,  three  6-DOF ca r r i ages  and gimbal systems f o r  t r a n s p o r t i n g  TV 
cameras over  var ious scaled two- and three-dimensional models, globes and aero-photo mosaics; also 
included is a TV p ro jec to r  w i th  a 30 foot diameter hemispherical  screen. 
VISUAL  SYSTEM  MOTION  PERFORMANCE: 
Linear  Motion I Longitudinal I Ver t i ca l  I Lateral 1 
Displacement (f t) 
.29 .29  .29 Accelerat ion (f t /sec%) 
.33 .33 3.00 Velocity (ft/sec) 
5.25 2.83 88 
Angular  Motion  Roll P i t c h  Yaw 
Displacement  (deg) 
Velocity  (deg/sec) 60 60 
Acceleration (deg/sec2) 60 60 60 
Unknotm Unknown  Unknown 
60 
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
I O V I  cockpit  . high resolution camera,  update SST cockpi t ,  add force feel  control  system, Sanders  graphics  display,  
fog simulator;  (1968) Varian 622i computer,  servo cable drive,  added displays;  (1969) Optical  probe, 
corder  uni ts ,  SST cockpit;  (1967) Collimated light source, aeromosaic model, model update ,  e lectronic  
IMPROVEMENTS AND COSTS: (1966)  Keyboard en t ry ,  added displays, landing model, two magnetic tape re- 
CONTRACTOR: Internal ly   Constructed LOCATION: Kent,  Washington 
ESTIMATED  REPLACEMENT VALUE .$ Available COST  (TYPICAL 8-HOUR SBIFT): Not Available 
CONSTRUCTION YEAR: 1963-65 COST .$ Not 
I I 
PLANS  FOR FACILITY  IMPROVEMENTS:  Add co lo r  TV, improve projection system, increase computer capacity,  
improve remote s t a t i o n  c a p a b i l i t y ,  a d d  t o  and improve models. 
14 
TESTING CAPABILITIES: The Boeing Aerospace V i s u a l  F l i g h t  S i m u l a t o r  f a c i l i t y  is a general-purpose 
research tool.  Uses include development and evaluation of (1) the effect  of design configuration 
changes on a i r c r a f t  f l y i n g  q u a l i t i e s ,  (2) s u i t a b i l i t y  of  cockpi t  or  crew s t a t ion  d i sp lays  and  av ion ic s  
hardware, and (3) a p i lo t ' s  o r  a s t ronau t ' s  ab i l i t y  t o  pe r fo rm ma jo r  func t ions  i n  a i r c r a f t  o r  s p a c e c r a f t  
f l ight control,  navigation and guidance. 
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BOEING KENT SIMULATION  CENTER 
REPORTING  INSTALLATION: STATUS  OF  FACILITY:  Active 
The  Boeing  Company 
Boeing  Computer  Services P.O. Box  3999 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Northwest  District,  Orgn.  2-2527 Seattle,  Washington  98124 
OTHER  SOURCES  OF  INFORMATION:  LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Kent  Simulation  Center 
C.  P.  Moshier 
Phone: (2061 773-3033 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION:  The  Simulation  Center  at  the  Boeing  Kent  Facility  provides  a  variety  of  modern 
computer  and  display  equipment.  This  equipment  is  highly  modular  and  provides  general-purpose  use  with 
fixed  base  crew  stations.  These  include  a  multistress  chamber  cockpit  for  human  performance  studies  in 
environment  of  vibration,  heat,  pressure,  noise,  illumination  and  atmosphere.  Also  provided  are  an  air 
traffic  control  center  with  pilot  console  and  a  Space  Shuttle  Vehicle  Cockpit  mock-up. 
COMPUTER  EQUIPMENT : 
Digital - An IBM  360165  system  with  an  IBM  2250  displaylcommunications  unit  and  a  general.  purpose 
XDS 9300  system  with  a  Differential  Equation  Solver  (SDS  DES-1)  provide  required  digital  computation 
at  the  Center.  A  Computer  Simulator  System  with  65K,  48-bit  core  storage  is  also  available  and  pro- 
vides  hardware-software  systems  developed t o  simulate  digital  or  logic  systems  often  found  on-board 
modern  aerospace  products. 
Analog - Four  consoles  of  general  purpose  EASE  Beckman  Analog  Computer  equipment  are  available,  along 
with an AD-256  solid  state  system  and  nine  AD-32  small  portable  analog  computers. 
Converters - Four AD-4 consoles  provide  a  basis  for  a  new  high  speed  analog  system  which  includes 
more  conversion  capability  than  any  other  digital-analog  linkage  system  that  has  been  reported  in  the 
literature. 
Analog/Digigraphics - A  man-machine  interface ("I) system  displays  images on many  CRT  indicators 
simultaneously.  Displays  are  generated  by  means  of  analog  random  graphics  and  digital  television. 
Both  the  analog  and  digital  graphic  generators  have  image  resolutions  of  1024  points  in  the  H  and V
and  refresh  at 60 Hz.  Image  elements  include  characters,  symbols,  vectors,  circles,  arc  segments  and 
points. 
TESTING  CAPABILITIES:  The  Simulation  Center  is  used  for  system  development  and  evaluation  including 
such  products  as  missiles,  hydrofoil  boats,  spacecraft,  boosters,  traffic  systems,  and co and control 
systems . 
FACILITY  COST  HISTORY 
AVERAGE  ESTIMATED  OPERATING 
IMPROVEMENTS AND COSTS:  (1969)  Hybrid  function  generation  system (AD-4) hybrid  computers, 
CONTRACTOR:  Internally  Constructed L CATION:  Kent,Washington 
ESTIMATED  REPLACEMENT  VALUE  $5,000,000 COST  (TYPICAL  8-HOUR  SHIFT):  $1,550 
CONSTRUCTION YEAR: 1964  COST  $3,670,000 
Cost  $800,000. 
PLANS FOR  FACILITY  IMPROVEMENTS: (1) Expansion  of AD-4 hybrid  capability, (2) upgrade  of  digital 
capability,  (3)  improvement  of  display  capability. 
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FACILITY LAYOUT 
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BOEING VERTOL  FLIGHT  SIMULATION  FACILITY 
REPORTING  INSTALLATION: STATUS  OF  FACILITY: 
The Boeing Company COGNIZANT ORGANIZATIONAL  COMPONENT: I Vertol   Divis ion . 
P.O. Box 16858 1 Ornanization 7432 Test and Simulation, - 
Philadelphia,  Pa. 
OTHER  SOURCES  OF  INFORMATION: LOCAL OFFICE TO  CONTACT  FOR  INFORMATION: 
Tes t  and Simulation, Org 7432 
E. M. Allen 
Phone:  (215) 522-4099 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The F l igh t  S imula t ion  Fac i l i t y  is an  in tegra ted  labora tory  complex for performing 
unmanned and pi loted real-time f l igh t  s imula t ion  s tud ie s  o f  aircraft, control  system, and instrumenta- 
t ion concepts and configurations.  It is comprised  of two laborator ies ,  the Fl ight  Simulator  Laboratory 
and the Hybrid Simulation Laboratory. These two l abo ra to r i e s  are loca ted  in  sepa ra t e  bu i ld ings  and a r e  
interconnected by electrical cabling. 
HYBRID SIMULATION  LABORATORY: The Hybrid Simulation Laboratory is a modern l a rge  sca l e  hybr id  computa- 
t i o n  complex. It is capable of providing simultaneous operation of several  hybrid and analog simula- 
tions, depending on problem size. The complex is t o t a l l y  state of t he  ar t ,  wi th  recent  acquis i t ion  of 
two mini-computers for  the purpose of  mult ivar iable  funct ion generat ion.  It is composed of the follow- 
i n g   d i g i t a l  and analog equipment. 
D i g i t a l  - An I B M  360144 system provides 25,600 bytes  core  memory,  32 p r io r i ty  in t e r rup t s ,  16  h igh -  
speed  f loa t ing  po in t  r eg i s t e r ,  and 2 high-speed and 1 low-speed channels. Also included are two 800 
B.P.I. t ape  t r anspor t s ,  a 2311 disk system, two 2315 disk systems, a high-speed card readlpunch, a 
high-speed l i n e  p r i n t e r ,  two alphanumeric scope/keyboard units, a console typewriter and a b a l l  p r i n t e r .  
A Basic Computer Arts Function Generation System provides an inter-data processor with 24,000 byte  core ,  
an inter-data  processor  with 16,000 byte  core ,  two 16-channel analog-to-digital units, two 16-channel 
digi ta l - to-analog uni ts ,  and two "read only memory" software systems. 
Analog - Four 314 expanded Applied Dynamics (AD-4) sys tems are .ava i lab le  wi th  771  so l id  s ta te  
amplifiers,  4 resolver expansions,  and 2 display consoles.  Other analog equipment includes a .0001 - 
10 ufd  in tegra tor  sys tem in  6  decades ,  a 1/8 expanded e - 4  maintenance console, 128 channels 100 kc 
analog-to-digital  converters,  and 128 channels digital-to-analog converters,  as well  as four 8-channel 
brush  s t r ip  char t  recorders ,  four  &channel  Var ian  S ta tos  111 s t r i p  c h a r t  r e c o r d e r s ,  and four X-Y 
p l o t t e r s .  
FLIGHT  SIMULATOR  LABORATORY: The Flight Simulator Laboratory contains a six-degree-of-freedom small 
motion base, a p i lo t  s ta t ion  equipped  wi th  an  adaptab le  ins t rument  pane l  and  a wide-range va r i ab le  
f l i gh t  con t ro l  fo rce - fee l  sys t em,  a cockpit-mounted out-of-the-window collimated visual-simulation 
d isp lay ,  a v isua l  s imula t ion  scene  genera t ing  sys tem and  assoc ia ted  in te r face ,  and con t ro l  and readout 
hardware. 
The small motion base employs the relat ively r igid s t rut  actuator  concept .  The small t r a v e l s  of t he  
actuators result  in approximately uncoupled motion and deliver nudge-type acceleration cues to the pilot  
o f  s a t i s f ac to ry  va l id i ty .  Three  of t he  s ix  e l ec t ro -hydrau l i c  ac tua to r  s t ru t s  are v e r t i c a l  and three are  
hor izonta l .  The Moog valves of t h e  s t r u t s  respond t o  command signals generated from the mathematical 
model programed on the hybrid computing system. The cockpit  i s  equipped with a v a r i a b l e  f l i g h t  c o n t r o l s  
force-feel system and a cockpit  mounted out-of-the-window col l imated  v isua l  d i sp lay .  
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING  No operator  esponse 
trols force-feel system, Cost $60,000; (1968-69) Small motion base 6-DOF system, Cost $40,000; 
IMPROVEMENTS AND COSTS: (1967-69) Hybrid  computer faci l i ty ,   Cost   $1,500,000;  (1966-68) Variable con- 
CONTRACTOR: In te rna l ly   Cons t ruc ted  LOCATION: Ridley Twp., Pa. ESTIMATED  REPLACEMENT  VALUE $2,500,000 COST  (TYPICAL  8-30UR SHIFT): on t h i s  item 
CONSTRUCTION YEAR: 1965 COST $ 657,000 
Cost $55,000. 
(1969)  Out-of-the-window cockpit  visual display,  Cost $5,000; (1970) AD-4 computer interface complet ion,  
t I 
PLANS  FOR FACILITY  IMPROVEMENTS: Large visual simulation three-dimensional scene generation system. 
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The var iab le  f l igh t  cont ro l  force- fee l  sys tem incorpora tes  ac tua l  a i rc raf t  f l igh t  cont ro ls  modi f ied  wi th  
load cells at  the points  of  pi lot-appl ied forces .  Force-feel  is simulated by hydraul ic  servo-actuators  
controlled by computer signals developed from the load cel l  force s ignals  and control  posi t ion feedback 
signals. Any des i r ed  r e l a t ionsh ip  be tween  p i lo t  e f fo r t  and control  posi t ion can be s imulated.  The 
system offers high signal-to-noise ratios,  and responds to forces from an ounce t o  more than a hundred 
pounds. 
The v isua l  d i sp lay  sys tem presents  the  p i lo t  wi th  a bright symbolic visual scene. The v i sua l  s cene  is  
computer  generated,  offer ing both la t i tude in  scene content  and an unconstrained f l ight  path and maneu- 
ver  capabi l i ty .  The generated scene is reproduced by a 600 l i n e  b l a c k  and white  te levis ion system for  
viewing by the  p i lo t  th rough a l a rge  co l l ima t ing  l ens .  The p i l o t ' s  f i e l d  o f  view measures 38 degrees 
v e r t i c a l l y  by 53 degrees  horizontal ly .  
TESTING  CAPABILITIES: T h i s  f a c i l i t y  p e r m i t s  a wide  va r i e ty  o f  s tud ie s  and  p i lo t  eva lua t ions  o f  a i r c ra f t  
handl ing and f lying qual i t ies ,  automatic  and manual  f l ight  control  systems,  and design criteria def in i -  
t ion  for  the  rap id ,  economica l ,  manageable ,  and  safe  deve lopment  of  a i rc raf t  and  a i rc raf t  sys tems.  The 
f a c i l i t y  is par t icu lar ly  adapted  to  the  s tudy  of  V/STOL a i rc raf t  because  of its capabi l i ty  for  provid ing  
cockpit motion i n  six degrees of freedom. 
KOTION SYSTEbl PERFOFUUNCE: ' Payload ( including Pi lot)  = 770 lb .  
Linear  Motion Lateral Ver t i ca l  Longitudinal 
Displacement ( f t )  
2 35.4 Accelerat ion (f t /sec2)  
2 3.416 Veloc i ty  ( f t / sec)  
.416 .416 -416 
5 2.166  2.166 
2 64.4 I , 28.9 1 
Rotary Motion Yaw Pitch** Roll  
Displacement  (deg)*  19 
Velocity  (deg/sec) 
Acceleration  (deg/sec2) rf: 414 
I I I I I 
*Stop-to-stop t o t a l  **Pitch tilt = 26 deg 
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FAIRCHILD  HILLER  FLIGHT  SPILTLATION LABORATORY 
- 
REPORTING  INSTALLATION: 
Fa i r ch i ld  Hiller Corporation 
STATUS  OF FACILITY: Active 
Farmingdale, New York 11735 
Engineering Department Republic Aviation Division 
COGNIZANT  ORGANIZATIONAL  COI4PONENT : 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR INFORMATION: 
F l i g h t  Dynamics 
D. 3.  Jordan,  Dept 629 
531-1767 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Fl ight  Simulat ion Laboratory consis ts  of  three basic  e lements  which are an 
analog computer, cockpit and visual display equipment. 
COMPUTER  EQUIPMENT: The computer cons is t s  of  a medium sized analog computer f a c i l i t y  c a p a b l e  o f  
modeling t h e  aircraft i n  six degrees of freedom, including control systems, weapons, thrust, ground 
e f f ec t s ,  e t c .  Ta rge t  e r ro r  i n  th ree  d imens ions  is also instrumented. 
SIMULATION HA.RDVARE: 
Cockpit - The crew s ta t ion  s imula tor  conta ins  typical d i sp lay  and con t ro l  equipment f u l l y  o p e r a t i v e  
to  represent  a realistic in - f l i gh t  env i ronmen t  fo r - the  p i lo t .  The cockpit  is enclosed and provided 
with an out-of-the-window v i sua l  d i sp l ay .  
Visual Display - The v i sua l  d i sp l ay  cons i s t s  o f  a large screen scope providing dynamic r ep resen ta t ions  
of aircraft a t t i t u d e  and ta rge t  pos i t ion .  
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
IEIPROWENTS AND COSTS: (1962)  Computer Expansion,  Cost  $200,000;  (1965) Crew Station,  Cost  $50,000. 
CONTRACTOR: Internal ly   Constructed WCATION: Farmingdale, N. Y. 
ESTIMATED  REPLACEMENT VALUE $600,000 COST  ( YPICAL  8-HOUR SHIFT): $1200 
CONSTRUCTION YEAR: 1957-59 COST $200,000 
PLANS FOR FACILITY  IMPROVEMENTS: Hybridize  computer  with  16-bit   digital  component. I n s t a l l  f u l l  
circle horizon display.  
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GENERAL  DYNAMICS  ELECTRONIC WARFARE COCKPIT  SIMULATION  LABORATORY 
REPORTING  INSTALLATION:  STATUS  OF FACILITY: Active 
General Dynamics Corporation, COGNIZANT ORGANIZATIONAL COMPONENT: 
Convair Aerospace Division 
P.O. Box 748, 
Systems  Technology,  Dept. 062 
Fort  North,  Texas  76101 
OTHER  SOURCES  OF  INFORHATION:  LOCAL  OFFICE TO CONTACT FOR  INFORMATION: 
Aerosystems Laboratories, Dept. 062-4 
L. E. Heizer 
Phone:  (817) 732-4811. ex t  4110 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The s imula t ion  labora tor ies  are composed of three fixed base cockpits (one two- 
p lace  and two single-place) and a Hybrid Computing Laboratory. 
The f a c i l i t y  is capable of operating two total  equat ion hybrid s imulat ions and several  analog s imulat ions 
simultaneously. 
The three cockpi ts  are t i t l e d  (1) Electronic Warfare Cockpit, (2) F-111 Flight Control Simulator and 
(3) General Purpose Cockpit. The Elec t ronic  Warfare Cockpit is a single-place crew stat ion with s tandard 
f l i gh t  i n s t rumen t s  and controls.  The control  system is a var iable  force mechanical  system that  can be 
adjusted according to the force required,  mechanical throw, breakout force,  etc.  Special  displays such 
as Radar, Heads-Up, Radar  Warning, etc., are provided as required by  program  type. The F-111 F l igh t  
Control Simulator i s  a two-place cockpit with F-111 primary and secondary controls.  The f l i g h t  c o n t r o l  
system is a mock-up of  the  F-111 Control System, including linkages and hydraul ic  components. The 
General-Purpose Cockpit i s  a single-place crew stat ion with s tandard f l ight  instrumentat ion and a 
va r i ab le  f ee l  hydrau l i c  con t ro l  sys t em.  
HYBRID COMPUTING  LABORATORY: 
D i g i t a l  - The Hybrid Computing Laboratory has a hybrid system consisting of a CDC 6600 d i g i t a l  
computer  mated with two f u l l y  expanded EA1 8800 analog computers. The CDC computer has a 65K core 
memory wi th  64 analog-to-digital and 32 d ig i ta l - to-ana log  channels .  In  addi t ion ,  th i s  sys tem has  
pe r iphe ra l  equipment  consis t ing of  three disk s torage dr ive uni ts ,  one drum s torage  uni t ,  one  da ta  
channel  converter ,  one l ine pr inter ,  one card punch,  one card reader ,  two magnet ic  tape t ransports  
and fou r  remote display consoles. 
The Hybrid Computing Laboratory has a second hybrid system consisting of an EA1 640 d i g i t a l  computer 
w i th  an 8 K  core  memory and a 32 AID, 16 D/A converter system. The EA1 640 is interfaced with a  PDS 
1020 computer which is used for  data  formatt ing and output t ing.  
Analog - In  add i t ion  to  the  hybr id  capab i l i t y ,  t he  l abora to ry  has  a series of EA1 231R-V analog 
computer consoles with a t o t a l  c a p a b i l i t y  o f  2700 opera t iona l  ampl i f ie rs ,  2250 co-ef f ic ien t  po ten t i -  
ometers, and more than 100 non-linear elements that  are available to provide multi-degree-of-freedom 
airframe simulation. 
SPECIAL  SIMULATION  HARDWARE: 
Graphics - The computer Graphics Display consists of an I'IT Graphics system driven by a Honeywell 
DDP 516 D i g i t a l  Computer.  The DDP 516 has an 8K core  memory and  a  35 AID, D/A converter system. The 
Graphics Display has both a vector generator subsystem and a character generator subsystem. Al 
alphanumer ics  p lus  spec ia l  charac te r i s t ics  are generated by t h e  s t r o b e  method.  The graphics  display 
is capable of driving two separate  cockpi t  displays s imultaneously.  
FACILITY  COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
IMPROVEMENTS AND COSTS: (1970) Electronic  data  converter  addition,  Cost  $10,000.00 
CONSTRUCTION: Internal ly   Co structed LOCATION: For t  Worth,  Texas 
ESTIMATED  REPLACEMENT  VALUE $ 500,000.00 COST  ( YPICAL  8-HOUR SHIFT): $3,000.00 
CONSTRUCTION  YEAR: 1969 COST $ 323,405.00 
PLANS FOR FACILITY  IMPROVEMENTS: 
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SPECIAL  SIt.lULATION H A R D T I A R E  (CONTINUED) 
Target Simulation - A 945-line black-and-white television system is used t o   p r o j e c t  a t a r g e t   a i r c r a f t  
image on a 20 degrees by 30 degrees field-of-view screen. The t a r g e t  a i r c r a f t  is a scale model encap- 
su l a t ed  i n  a clear p las t ic  sphere .  For  aspec t  angles  the  sphere  is r o t a t e d  by a drive system of  four  
drive wheels on orthogonal axis. A zoom l e n s  on t h e  t e l e v i s i o n  camera g ives  the  cor rec t  range  
simulation. 
ELECTRONIC WARFARE COCKPIT  SIMJLATOR: The Electronic Warfare Cockpit  Simulator provides the pilot  with 
a representation of six-degree-of-freedom simulated motion plus a va r i e ty  o f  CRT d isp lays  accord ing  to  
program requirements. This cockpit has a 20 degree by 30-degree-look-angle visual scene to  p rov ide  the  
pi lot  with motion cues and visual  target  information.  This  cockpi t  may be  used  in  conjunct ion  wi th  the  
General-Purpose Cockpit t o  s imula t e  a i r - to -a i r  i n t e rcep t  maneuvers. It is equipped with a mechanical 
f l ight  control  system having adjustments  to  s imulate  any control  system feel  parameters ,  including break-  
ou t  fo rce ,  t o t a l  fo rce ,  con t ro l  sys t em t r ave l  and t r i m  system authority.  
The Electronic Warfare Cockpit Simulator interface system includes a d i r e c t   d i g i t a l   l i n k  from t h e  
Honeywell DDP 516  computer t o  t h e  CDC 6600 computer. Solutions for the equation of motion, euler angles, 
f l i gh t  con t ro l  sys t em and  the  t a rge t  a i r c ra f t  geometry are done by t h e  CDC 6600 and information i s  
t r ans fe r r ed  to the  cockpi t  through the DDP 516. The Honeyvell computer a l so  rece ives  informat ion  via t h e  
l ink to  generate  cockpi t  displays through the computer  graphics  system and to  dr ive the visual  display 
system. The Electronic Varfare Cockpit can a l s o  b e  i n t e r f a c e d  t o  the EA1 640 D i g i t a l  Computer through 
an Analog i n t e r f a c e  link. 
TESTING CAPABILITIES: The Electronic t larfare Cockpit  interfaced with the various computing facilities 
provides  the user wi th  an  eva lua t ion  too l  fo r  s eve ra l  d i f f e ren t  t ypes  o f  programs. These programs 
inc lude  a i r - to-a i r  weapon del ivery,  penetrat ion aids  system development ,  handl ing qual i t ies  and tactical 
maneuver development. 
F-111 COCKPIT SIt.NLATOR: The F-111 Cockpit Simulator is a two-place crew s t a t i o n  mocked  up i n   t h e  form 
of an F-111 cockpit .  A l l  primary and secondary fl ight controls used by t h e  F-111 a i r c r a f t  are simulated 
through the use of actual mechanical l inkages and hydraulic components.  The F-111 cockpit  is i n t e r -  
faced  to  the  EA1 8812/CDC 6600 Hybrid Computer through the signal i n t e r f a c e  link. 
TESTING  CAPABILITIES: The  F-111 cockpit  is used t o  e v a l u a t e  a i r c r a f t  h a n d l i n g  q u a l i t i e s ,  e s t a b l i s h  con- 
t rol  system design parameters  and evaluate  dynamic wing and tail loads during maneuvers. 
GENERAL PURPOSE COCKPIT SIMULATOR: The General Purpose Cockpit is a single-place cockpit equipped with 
s tandard  f l igh t  ins t rumenta t ion  and  a general  purpose hydraulic feel  system for the primary controls.  
The General Purpose Cockpit can be equipped with a va r i e ty  o f  d i f f e ren t  r ada r  d i sp l ay  and control  sys-  
tems and is normally interfaced with the EA1 640 computer f o r  use i n  airborne intercept  problems.  
The EAI  640 D i g i t a l  Computer and its assoc ia ted  EA1 231-R analog computers  solve the t ranslat ional  
equations of motion, Target-Interceptor geometry and steering equations, missile equations and scoring 
model. 
TESTING  CAPABILITIES: This f a c i l i t y  p r o v i d e s  t h e  u s e r  a means to  evaluate  both at tack systems and 
penetrat ion aids  systems.  
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GENERAL  DYNAMICS  IEitlLATION  LABORATORY 
REPORTING  INSTAUATION: STATUS  OF FACILITY: Active 
General Dynamics Corporation 
Convair Aerospace Division 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
P.O.  Box 1128 
Engineering Department 500 
San  Diego, Cal i forn ia  92112 
OTHER SOURCES  F  INFORMATION:  ILOCALOFFCE  T C N A F R
Simulation Laboratory 
R. D. Horwitz, Group 585 
Phone:  (714) 277-8900, e x t  1987 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Simulation Laboratory was designed pr imari ly  for  spacecraf t  s imulat ions.  
However, as the business picture changed the cockpits and visual equipment were modi f ied  for  a wide 
range  of  a i rc raf t  s imula t ions .  It bas ica l ly  cons is t s ,  today ,  of  a hybrid computer, a v i s u a l  out-of-the- 
window set o f  t e l e v i s i o n  s t u d i o s ,  d a t a  a c q u i s i t i o n  and reduct ion capabi l i t ies  and three cockpi ts .  Most 
instruments and controls are active. 
The f a c i l i t y  is arranged so that  several  problems can be run during one shif t  and t h a t  a simple problem 
can b e  d e a l t  w i t h  as w e l l  as a very extensive problem using the CDC 6400, t h e  XDS 930, the analog and 
v i s u d  equipment and the cockpi t .  
HYBRID COMPUTER  COMPLEX: The Convair Hybrid Computer Complex cons i s t s  of three analog computer consoles, 
a d i g i t a l  computer, and interconnection for communication and control. Each analog computer console and 
t h e  d i g i t a l  computer can b e  prcgrammed and operated independently of the remainder of the complex. Each 
of the three analog computer consoles may be  in t e rconnec ted  wi th  the  o the r  o r  w i th  the  d ig i t a l  computer. 
D i g i t a l  - There are two d i g i t a l  computers, the XDS 930 with 16K of core and the CDC 6400 with 132K of 
core. Both of these machines are nicely expanded with peripherals.  The u n i t s  are capable of being 
programmedin Fortran. Software also is provided for  common analog computer control routines,  such as 
pot: s e t t i n g ,  mode cont ro l ,  etc., as w e l l  a s  s ta t ic  and  dynamic  problem-check routines.  Associated 
inpu t  and output equipment includes a typewriter, paper-tape reader and punch, two magnetic tape 
systems, and card reader. Output also is ava i l ab le  on the Stromberg Carlson SC-4020 High-speed 
P r i n t e r   o r  640 lpm lister. 
Analog - Three C I  5000 analog consoles are ava i lab le .  Each COMCOR C I  5000 analog computer console is 
an intermediate size,  general-purpose unit .  For programming, each  console  has  shielded,  removable 
patchboards for  patching a l l  ana log  s igna ls ,  and an unshielded removable logic patchboard. This logic 
patchboard contains a l l  cont ro l  in te rconnec t ions  for  se lec t ing  opera t ing  modes of amplif iers ,  mult i -  
p l i e r s ,  and diode funct ion generators .  Terminat ions also are  provided for  a complement of d i g i t a l  
log ic  e lements  ( f l ip - f lops ,  counters ,  e tc . ) .  Most of t h e  programmable  equipment on the analog consoles 
(pots,  DFGs, FB l i m i t e r s ,  etc.) can be set from e i t h e r  a portable keyboard, a typewri te r ,  a paper tape 
reader  (avai lable  a t  the analog console) ,  or  by in s t ruc t ions  from t h e  d i g i t a l  computer.  Analog 
in t eg ra to r  modes may be  cont ro l led  by relay switching f o r  low-drift requirements, or by so l id - s t a t e  
swi t ch ing  fo r  r epe t i t i ve  ope ra t ion  o r  d ig i t a l ly  con t ro l l ed  app l i ca t ions .  
Graphics - Two CDC 1700 ' s  a re  ava i lab le ,  one  a t  a remote locat ion in  downtown  San Diego.  Both  have 
digigraphic controls and consoles.  
FACILITY  COST  HISTORY 
I AVERAGE  ESTIMATED  OPERATING I CONSTRUCTION YEAR: 1965-66 COST $ 3 . 0 0 0 . ( X r ( y r l l  
COST  (TYPICAL 8-HOUR SHIFT): $720 I ESTIMATED  REPLACEMENT VALUE $3,000,000 -~ 
CONTRACTOR: In te rna l ly   Cons t ruc ted  LOCATION: San  Diego,  California 
IMPROVEMENTS AND COSTS: 
*Estimated Value includes Computers 
PLANS FOR FACILITY  IMPROVEMENTS:  Add moving base  f ee l  s t i ck ,  p ro j ec t ion  v i ewing ,  and e lec t ronic  cockpi t  
instruments.  
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ANALOG COHPWERS  (CONTINUED) 
Converters - For hybrid appl icat ions,  an intracomunicat ion system is provided a t  the  ana log-d ig i ta l  
interface.  This  system includes 30 channels of analog-to-digital conversion and 30 channels of 
digital-to-analog conversion. These channels may be  a l loca t ed  among the analog consoles by patching 
a t  an intracom signal  patch panel ,  or  by address  select ion on a removable intracom logic patchboard. 
This patchboard also can provide information to the digital  computer concerning the state o f  l o g i c  
elements  (comparators,  flip-flops,  counters,  switches,  etc.) on the  analog  consoles .   This   a l lows  the 
d i g i t a l  computer t o  make decisions based on t h e  s t a t e  of these elements. 
SPECIAL  SI".ATION HARDIWRE: 
Visual Display Hardware - There are two 900 l i n e  TV s t u d i o s  f o r  t e r r a i n  and model p i c t o r i a l s  g i v i n g  
6 degrees of freedom. The TV has  keying  genera tors  and  spec ia l  s tud ios  for  v i sua l  inser t s .  
Data Reduction Hardware - Associated with the TV s tud ios  is a da ta  s t a t ion  used  p r imar i ly  fo r  human 
f a c t o r s  and bio-medical monitoring. 
Trunkin - Radiating from the Hybrid Lab are t runk  l i nes  to  a lmos t  a l l  of the test l a b o r a t o r i e s  i n  t h e  
p l an t .  'This includes high vacuum chambers ,  " i ron horses" ,  the centr i fuge and the human f a c t o r s  area. 
INTEGRATED MANNED SYSTEMS  IMULATOR (IEISS): The IMSS is a design and research t o o l  f o r  manned a i r c r a f t  
and aerospace systems. It cons is t s  of  a f ixed base- type f l ight  deck configurat ion and a l a r g e  kit of 
modular computer-compatible instruments and displays. For flexibility of control and operation, 
general-purpose computers control the simulator. The IMSS i s  hard-wired to  the  ana log  computer labora- 
to ry  wi th  its COMCOR-SDS hybrid computer and, through buffering equipment located in-the analog computer 
laboratory,  with a DMI 620 computer. 
TESTING CAPABILITIES: The pr ime funct ion of  the s imulator  is to  provide  the  des igner  wi th  a t o o l  t o  
make h i s  hardware as p e r f e c t ,  e f f e c t i v e ,  o r  f u n c t i o n a l  as possible;  and when it  involves m a n ,  t o  h e l p  
the designer  determine how bes t  to  d iv ide  onboard  tasks  bemeen man and machine. It se rves  to  eva lua te  
a l t e rna t ive  d i sp lay  and control  configurat ions and alternative onboard procedures,  and to evaluate man's 
capab i l i t y  fo r  pe r fo rming  h i s  a s s igned  t a sks  in  d i f f e ren t  mi s s ions  unde r  rou t ine  and emergency condi- 
t ions .  It provides evidence on which to determine which configurations are b e s t ,  which of these involve 
the  least stress and t h e  least  fatigue,  what procedures are optimum, and what general rules can be 
der ived to  guide designers .  
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FACILITY LAYOUT 
Not Available 
OPERATIONAL DIAGRAM 
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GRUMMAN SYSTEMS  IMULATION  LABORATORY 
REPORTING  INSTALLATION:  STATUS  OF  ACILITY: Active 
Grumman Aerospace Corporation 
Systems Technology, Dept. 692 Bethpage, New York 11714 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
P lan t  No. 05, Bethpage, N.Y. 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
Systems Simulation, Group 506 
N. C. Sauchy 
P-6) LR5-6146 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Systems  Simulation  Laboratory  occupies  13,300  square  feet  of  floor area. It 
provides a high bay area f o r  i ts various fixed and moving base s imulators  and includes a f l i g h t  hardware 
test area, a navigation and guidance equipment integration area, an image generating system area,  and a 
v i sua l  d i sp l ay  and control  area.  Signal  condi t ioning,  interfacing and  computing  equipment i s  provided 
within the laboratory.  A s e p a r a t e  u t i l i t y  b u i l d i n g  h o u s e s  r o w e r  g e n e r a t o r s ,  d c  r e c t i f i e r s ,  h y d r a u l i c  
pumps and p i l o t  a i r  compressor equipment. 
COMPUTER  EQUIPMENT: 
D i g i t a l  - I B M  7094-11 and IBM 1800 systems provide the required digital  computing support  to the 
laboratory.  
Converters - Analog-to-digital and digital-to-analog conversions are provided by an Adage 770 computer 
l ink .  
Analog - Three REAC 500 systems provide the required analog computing for the facil i ty.  
SPECIAL  SIMULATION  EQUIPMENT AND ACCESSORIES: 
Flight Attitude Table Systems (FATS) Power-Tronic, Model 391 - This is a three-axis servo gimbal system 
wi th  pos i t iona l  t rave ls  of  2 540", f 85", and 2 540". 
General-Purpose Mobile Amplifier, Grumman-Built - These uni t s  provide  20 opera t iona l  ampl i f ie rs  
capable of 2 100 vol t s  dc  output  a t  20 milliamperes. There a r e  two un i t s  ava i l ab le .  
General Purpose Mobile Data Logger, Grumman-Built - The u n i t  is a two-wire 100-channel signal monitor- 
i ng  and decimal code p r i n t  o u t  system. The 100 channels may be automatically scanned and pr in ted  out  
a t  a rate of 3-112 channels per second, or each channel may be manually selected. 
General Purpose Precision Voltage Reference - Reeves power supply model PS500-1.  The  power supply 
ava i lab le .  
Multiple Channel Data Acquisition System, Ess Gee - The u n i t  w i l l  handle 70 ana log  input  channels  a t  
100  samples  per  channel  per  second. Each channel is d i g i t i z e d  t o  1 3  b i t s  p l u s  s i g n .  The da ta  is 
recorded on d i g i t a l  m a g n e t i c  t a p e  i n  IBM 7094 format. 
Strip Chart Recorders, Brush - Two 8-channel and two 2-channel recorders are available.  
' u n i t  is used fo r  ana log  vo l t age  r e fe rence  and f o r  s c a l e  f a c t o r  c o n t r o l s .  T h e r e  a r e  four u n i t s  
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
IMPROVEMENTS AND COSTS: 
CONTRACTOR: In te rna l ly   Cons t ruc ted  LOCATION: Bethpage, New York 
ESTIMATED  REPLACEMENT  VALUE $ Available COST  (TYPICAL 8-HOUR SHIFT): Not Available 
CONSTRUCTION YEAR: COST $ Not 
Not Available 
I I 
PLANS  FOR  FACILITY  IMPROVEMENTS: Expand moving base man rated performance; add r e a l  world visual  
display capabi l i ty  for  both f ixed and moving base s imulators .  (Aircraf t  and  Space.) 
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SPECIAL  SIl.NLATION EQUIPPENT AND ACCESSORIES (CONTINUED) 
Servo-Driven Flight Instruments - Rate of climb, airspeed indicator,  l370-aXiS gyro a t t i t u d e  i n d i c a t o r ,  
altimeter, and accelerometer. An as so r t ed  list of instrument panel meters, round and edgewise, with 
blank scales is ava i lab le .  
FULL PIISSION  ENGINEERING  SII4ULATOR: The Lunar Module (LH) F u l l  1,Kssion Engineering Simulator is a real- 
time combined ana log-d ig i ta l  manned simulator which provides a means f o r   v e r i f y i n g   t h e   a c t u a l  U4 f l i g h t  
article c a p a b i l i t i e s ,  u t i l i z i n g  an integrated subsystem approach.  In  br ief ,  the  s imulated mission 
prof i le  consis ts  of  descent  f rom a lunar  orbi t  to  the surface,  ascent  to  rendezvous and docking with the 
o r b i t i n g  Command Serv ice  Module; p lus  the abi l i ty  to  per form miss ion  abor t s .  The complete dynamics of 
t he  veh ic l e  is s imula t ed  wi th  s ix  deg rees  o f  r ig id  body freedom, w i t h  p r o v i s i o n  f o r  f u e l  s l o s h i n g  
dynamics. Its major  components are a fu l ly  ins t rumented  W cabin,  visual displays,  and image generators;  
m IBl4 7094-11, an IBM 1800, three REAC 500 computers, and an ADAGE 770 data  l ink;  an experiment  
monitor console; and a f l i g h t  a t t i t u d e  t a b l e .  
The a.7o-man cret.7 s t a t i o n  is a f ixed base device mounted on a r ig id  p l a t fo rm,  o r i en ted  SO that  each window 
is provided with a v i r t u a l  image presentat ion device.  The visual images are produced i n  another  par t  of 
t he  l abora to ry  and  t e l ev i sed  to  the  crew s t a t i o n  on 21-inch TV monitors, which project the images through 
a lens  system to beam s p l i t t e r s .  The images are r e f l e c t e d  by t h e  beam sp l i t t e r s  i n to  f ive - foo t -d i ame te r  
pa rabo l i c  mi r ro r s ,  and  then  r e f l ec t ed  in to  the  LM cabin v7indows. The TV system is capable of scanning 
rates from  525 l i n e s  t o  1075 l i n e s .  The capabili t ies of the system, depending upon the scanning rate 
se l ec t ed  and the  l i gh t  i n t ens i t i e s  u sed ,  cove r  a range from 600-line to  1000- l ine  reso lu t ion .  The 
present  system uses  945 s c a n  l i n e s  and t ransmits  three separate  video images:  the lunar  terrain,  a 
s t a r f i e l d   m d   t h e  Command Service Module, which are e l e c t r o n i c a l l y  i n t e g r a t e d  by a TV s p e c i a l   e f f e c t s  
generator.  The luna r  t e r r a in  scenes  are generated from scale maps of a simulated lunar surface.  Both 
f l a t  and curved surfaces, at  s c a l e  r a t i o s  o f  1,280,000:1, 96,000:1, and 800:1, are viewed during the 
mission.  In  addi t ion to  s imulat ions a t  d i f fe ren t  d i s tances  f rom the  moon, the  sur faces  exhib i t  vary ing  
shadow angles simulating angle of approach and time of day. Stars are produced by a s t a r f i e ld  gene ra to r ;  
a gimbal led sphere with bal l  bear ings impressed on its sur face .  The s t a r f i e l d  is f l o o d l i g h t e d  f o r  v iew-  
i ng  by a sepa ra t e  v id i con  camera, wh i l e  t he  scale model of t h e  Command Service 14odule is viewed by a 
second, separate camera. The in t eg ra t ed  v ideo  s igna l  is produced as an output of the vidicon cameras 
mounted behind a scanoptic head. The scanoptic head provides three degrees of motion and a f i e l d  of v i e w  
approximating that seen by the  as t ronaut .  S ix  degrees  of freedom of the scanoptic head is made poss ib l e  
by an extensible  boom carried on the gimbals of a modif ied radar  pedestal ;  gimbal  dr ive command signals 
are given by the  s imula t ion  computer. Al scenes are in t eg ra t ed  by a keying signal received from a 
boom-mounted camera. Close  representa t ions  of  the  d isp lays ,  swi tches ,  readouts  and  the  a t t i tude  and  
t h r u s t  t r a n s l a t i o n  c o n t r o l l e r s  are made i n  t h e  crew s t a t i o n .  An experiment monitor and problem con t ro l  
console provides: computer mode cont ro l ,  a slow-speed va r i ab le  scan  and readout system, problem status 
gates,  intercom control,  tape input and record system, and malfunction insertion panels.  Substantial  
capabi l i ty  for  on-l ine data  monitor ing and recording is provided by several  e ight-channel  s t r ip  char t  
recorders for immediate readings; a high-speed scan, sample,  hold and digital  conversion system for 
recording variables on magnetic tape for processing on the digital  computer;  and two p l o t t e r s  f o r  p l o t -  
t i n g  v e h i c l e  t r a j e c t o r i e s .  The Ltlnon-motion-sensitive hardware used i n  t h e  s i m u l a t o r  tests is racked  in  
equipment bays using cable lengths similar t o  t h o s e  i n s t a l l e d  i n  the L14 vehicle. 14otion-sensitive hard- 
ware is mounted on t h e  f l i g h t  a t t i t u d e  t a b l e  t h a t  is driven by computer s igna l s  r ep resen t ing  the  LFl 
angular motion. 
THREE-DEGREE-OF-FREEDOPI KOTION SIMULATOR: In the motion s imulator  hydraul ic  servos posi t ion a cockpi t  
mock-up from th ree  d i r ec t ion  po in t s :  two po in t s  move d i f f e r e n t i a l l y   f o r   r o l l ;  a t h i r d  p o i n t  moves f o r  
p i tch ;  whi le  a l l  t h r e e  move s imul taneous ly  for  ver t ica l  mot ion .  Any combination of pitch,  roll  and heave 
within the mechanical  l imitat ions is thus obtained. Power for  the  hydraul ic  se rvos  dr iv ing  the  p la t form 
is suppl ied  by a pump and accumulator system capable of an average 40-horsepower output.  The th ree  se rvo  
d r ives  employ piston-type, rotary hydraulic motors producing 17-horsepower continuously and 38-horsepower 
intermit tent ly ,  dr iving the platform through 15: l  gear  reduced cable-pul ley systems.  Electrohydraul ic  
va lves  of extremely rapid response convert electrical signal command inpu t s  i n to  hydrau l i c  f lu id  f low.  
Platform posi t ion information is obtained from potentiometers geared to the cable drive drums. 
35 
MOTION SYSTEM PERFORMANCE : 
Linear  Motion La te ra l   Ver t i ca l  Longitudinal 
Displacement ( f t )  None 
96.6* Accelerat ion (f t /sec2)  
7 avg., 12 peak Veloc i ty  ( f t / sec)  
None 5 3  
Rotary Motion Roll Pi t ch  Yaw 
Displacement  (deg) Unknown unknown  None 
Velocity  (deg/sec) 275 275 
Acceleration  (deg/sec2) 2292** 2292* 
*Based on  1000-lb t o t a l   l o a d  **Based on i n e r t i a   o f  60 slug-feet2 
Closed-loop frequency response i n  v e r t i c a l  motion i s  down 3 dB at  4 he r t z .  Open loop, the system follows 
s ignal  f requencies  w e l l  past  10 her tz .  Because power requirements of t h i s  dev ice  were d ic t a t ed  by v e r t i -  
cal performance requirements ,  angular  accelerat ions and veloci t ies  far  surpass  the normal  requirements  
of any veh ic l e  l i ke ly  to  be  s tud ied .  
TWO-DEGREE-OF-FREEDOM SLMULATOR: The s imulator  consis ts  of a s imulated terrain,  a p ro jec t ed  t e l ev i s ion  
display, and a moving base  two-man crew s t a t i o n .  Crew s t a t i o n  motion is provided by an  endless  be l t  
having three-dimensional sculptured terrain.  Wheels r id ing  on the bel t  fol low the changes in  topography 
and transform signals proportional to wheel excursion and, through analog computers,  control actuators 
capable of heaving and roll ing the crew s t a t i o n .  
The t e r r a i n  is simulated by a cont inuous bel t ,  5 f e e t  wide and 22 fee t  long ,  represent ing  a roadbed 
125 f e e t  wide and 550 f e e t  long. The be l t  runs  over  two 9-inch drums dr iven  by a thyratron-controlled 
servo motor a t  simulated speeds from 0 t o  6 mph. A remote-controlled image or th icon  camera, capable of 
working at  a r e l a t i v e l y  low l i g h t  l e v e l ,  is used to  televise the s imulated terrain.  The camera is 
pedestal-mounted and r o t a t e s  on an axis passing through the center of the lens system. A wide angle 
lens  provides  a 60-degree o p t i c a l  f i e l d  of v i e w .  Speed  of t r a v e l  is governed by a sine-cosine potentiom- 
eter attached to the-yaw servo motor which also controls the speed of t h e  b e l t .  The luna r  su r face  is a 
typical terrain simulated by bonding polyurethane to the belt .  This dark gray material  was chosen 
because i t  i s  f l e x i b l e ,  and the  co lo r  and texture approximate the moon's a lbedo and ref lect ion character-  
istics. The  foam is s c u l p t u r e d  t o  d e p i c t  craters ranging from 2 f e e t  h i g h  t o  2 fee t  deep ,  and  5 t o  20 
f e e t  i n  diameter, as well as po r t ions  of much l a rge r  p l a t eaus  and craters. The r a t i o  of the rough areas 
t o  t h e  r e l a t i v e l y  smooth areas approximates those on lunar photographs.  Additional obstacles of varying 
size,  geometry,  and special  character may be  t empora r i ly  a t t ached  to  the  be l t .  
The projected incidence angles  of the  sun ' s  rays  on the  s imula ted  lunar  sur face  are produced by 1000-watt 
projection lamps grouped to illuminate from f i v e  d i r e c t i o n s :  f r o n t  and bzck, overhead, 45 degrees,  and 
10 degrees .  For  night  dr iving,  headl ights  are a t t ached  to  the  o r th i con  camera t o  simulate high and  low 
beams. A 525-line Waltham p ro jec to r  is used  to  pro jec t  a p i c t u r e  of t he  s imula t ed  t e r r a in  on a r e a r  pro- 
j e c t i o n  s c r e e n  p l a c e d  a b o u t  f i v e  f e e t  i n  f r o n t  o f  t h e  crew s t a t i o n .  The box-shape two-man crew s t a t i o n  
is servo dr iven to  provide heave and rol l  sensat ions to  the dr iver .  The platform measures  s ix  feet  high 
by e i g h t  f e e t  wide and f ive  fee t  deep ,  and  inc ludes  a mock-up seat, instrument panel and con t ro l s ,  and 
observation window representing the Lunar Mobile Base Vehicle. Wheels a t tached to  the camera pedestal  
provide sensing signals of the lunar terrain height and are conver ted  in to  s igna l  inputs  to  the  ana log  
computer. The computer simulates the spring-mass characterist ics of the vehicle and transmits the 
dynamic response commands to the motion system which is dr iven  by two electrohydraul ic  actuators  capable  
of heaving the crew s t a t i o n  t h r e e  f e e t  and r o l l i n g  i t  -I. 25 degrees. 
ONE-SIXTH GRAVITY SIMULATOR: In  another  par t  o f  the  labora tory ,  a one-sixth gravi ty  s imulator  i s  used 
to  eva lua te  d i f f e ren t  metalastic wheel  configurat ions for  lunar  roving vehicles .  To t e s t  t he  whee l ' s  
capabi l i ty  for  opera t ion  under  lunar  grav i ty  condi t ions ,  an  inc l ined  moving road and a three-module 
t r a i n  were constructed.  The road is canted a t  80.4 degrees  and the vehicles  are  bal las ted to  provide a 
val id  s imulat ion of  lunar  gravi ty  act ing upon the  veh ic l e  i n  the pitch plane.  Velocity-sensit ive hydrau- 
l i c  couplings joining the modules cause them t o  react to  sharp  bumps as a u n i t  mass and to respond indi- 
vidual ly  to  gradual  undulat ions.  Road speed can be var ied up to  10 mph, wi th  var ious  bump he ights  and 
d i s t r ibu t ions .  Data gathered with the s imulator  are used t o  supplement analog and d i g i t a l  computer 
programs. 
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TESTING  CAPABILITIES: Simulation programs conducted are those  which  a re  appl icable  to  aerospace ,  sur -  
face,  and underwater  t ransportat ion,  and l i f e  s c i ence  s tud ie s .  En t i r e  sys t ems  are e v a l u a t e d  i n  t h e  
laboratory and t h e  a b i l i t y  o f  t h e  crew to  ope ra t e  and con t ro l  t he  sys t em in  a r e a l i s t i c  m i s s i o n  s i t u a -  
t i o n  is v e r i f i e d .  Crew performance is eva lua ted  in  a variety of abnormal environments, such as so l i t ude ,  
zero gravity,  acceleration, and exposure to toxic or noxious materials.  
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FACILITY LAYOUT 
Dark  Room 1 
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Dark Room 3 Light Controlled 
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Flight Hardware Test Area 
I m a g e  Generation System 
Navigation & Guidance  Equipment  Integration 
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Up-to Interfacing Room 
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North-South Line 
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Compressor 
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28 Volt  Rectifiers 
OPERATIONAL DIAGRAM 
Not Available 
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HUGHES  MAN-MACHINE  SIMULATION  SYSTEM  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Artive 
Hughes A i r c r a f t  Company 
Centinela and Teale Sts. ,  
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Department Culver   Ci ty ,   Cal i fornia  90230 
Display Systems and Human Fac tors  
I OTHER-  SOURCES  OF  INFORMATION LOCAL  OFFICE  TO  CONTACT FOR INFORMATION: 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The man-machine sys tem s imula t ion  fac i l i ty  is a general-purpose hybrid computer 
system. Its main  components are a Xerox Data Systems (XDS) 9300 d i g i t a l  computer, two Applied  Dynamics, 
Inc., Model  4 (AD-4) analog computers, and an Electronic Associates 231-R (EA1 231-R) analog computer. 
I n  a d d i t i o n  t o  t h e  computer  components, t h e  f a c i l i t y  h a s  t h r e e  permanent  crew stat ion s imulators .  These 
are presently configured as t h e  F-14 Mission Control Officer 's  crew s t a t ion  s imula to r ,  an  advanced 
avionics-s imulator ,  and a general  purpose cockpi t  controls  and displays s imulator .  
The f a c i l i t y  a l s o  provides  the  capabi l i ty  for  mul t ip le  sensor  s imula t ion .  Br ie f ly ,  th i s  e f for t  is 
directed towards multi-mode displays which can give a p i l o t   t h e  maximum information in  an optimum manner 
i n  a minimum amount of space. 
COMPUTER COMPONENT DESCRIPTION: 
D i g i t a l  - The d i g i t a l  computer is an  W S  9300 computer with 32,000, 24-bit  words.  Parallel  digital  
110 and analog conversion equipment allows communication between the d i g i t a l  and 
Another set of communication channels through an EJ30 subsystem allows d i r e c t  communication with the 
F-14 MCO Mission Simulator .  Other  character is t ics  include a high-speed core memory, hardware f loat ing 
poin t ,  a nes t ed  p r io r i ty  in t e r rup t  sys t em,  and a d i r e c t  a c c e s s  t o  memory capabi l i ty .  
Per iphera ls  inc lude  three  magnet ic  tape  uni t s ,  a paper tape punch and photo reader,  card reader,  l ine 
pr inter ,  rapid-access  drum, and p a r a l l e l  d i g i t a l  110 and analog conversion equipment. 
Analog - The analog equipment consists of two AD-4 computers and one EA1 231-R. The AD-4 provides 
high-performance s o l i d  state analog computing elements,  patchable logic,  and analog-digital  conversion 
equipment. 
The EAI 231-R analog computer  provides  addi t ional  analog support  to  the faci l i ty .  It provides 160 
ampl i f ie rs ,  9 s e r v o - m u l t i p l i e r s ,  1 2  s o l i d  s ta te  mul t ip l i e r s ,  8 servo-resolvers and add i t iona l  da t a  
t r u n k  l i n e s  between t h e  d i g i t a l  computer and t h e  v a r i o u s  s i m u l a t o r s  i n  t h e  f a c i l i t y  
SYSTEM  SIMULATORS: 
General Purpose Cockpit Controls and Displays Simulator - This  equipment  provides  the capabi l i ty  for  
demonstrating and evaluating air-to-ground weapon de l ivery  f rom ta rge t  acquis i t ion  to  launch .  It has 
the  gene ra l  capab i l i t y  to  pe r fo rm s t ee r ing  s imula t ions ,  a i r c ra f t  aerodynamic simulations and r e l a t e d  
s t u d i e s  t o  make t h i s  t r u l y  a general-purpose simulator. A set o f  f l i gh t  con t ro l s  w i th  a hydraul ica l ly  
act ivated force-feel  system can be  t ied  in to  e i ther  of  the  ana log  computers  by themselves ,  or  in  com- 
b ina t ion  t r i t h  the  d ig i t a l  t o  p rov ide  a six-degree-of-freedom aerodynamic simulation. Other features 
inc lude  a te lev is ion  moni tor ,  missile con t ro l s ,  and a heads-up d isp lay  wi th  a r e f r a c t i v e  o p t i c  c o l l i -  
mating system in  con junc t ion  wi th  a nine-inch exit  pup i l  p rov id ing  an  ex te rna l  f i e ld  of view to  the .  
p i l o t .  
FACILITY  COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
COST (TYPICAL 8 HOUR SHIFT): $1,000 
CONSTRUCTION YEAR: COST $ Not Available 
IMPROVEMENTS AND COSTS: 
CONTRACTOR: In te rna l ly   Cons t ruc ted  
ESTIMATED  REPLACEMENT  VALUE $ Not Available 
LOCATION: Culver  City,   California 
PLANS  FOR FACILITY IMPROVEMENTS: 
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SYSTEM  SIIRJLATORS  (CONTINUED) 
F-14 MCO Hission Simulator - This  s imulator  contains  the controls  and d i sp lays  of t h e  F-14 MCO crew 
s t a t i o n .  It i s  used to  evaluate  operator  performance in  acquir ing targets  under  many d i f f e r e n t  
simulated conditions.  An i n t e g r a l  p a r t  of t h i s  s i m u l a t o r  is a software-oriented symbol generator 
which d r ives  the  s t roke -mi t t en  d i sp lays  in s ide  the  s imula to r .  
Advanced Avionics Simulator - This  s imulator  is des igned  to  demons t r a t e  t he  f eas ib i l i t y  o f  advanced 
t a c t i c a l  a i r c r a f t  s y s t e m s .  The s imula tor  is a f u l l - s c a l e  c o c k p i t  i n  which operating displays and 
cont ro l  pane ls  are i n s t a l l e d .  The cockpi t  in te r faces  with a symbol genera tor ,  a d i g i t a l  s c a n  
converter ,  and the hybrid computing faci l i ty .  
The three  opera t ing  d isp lays  in  the  cockpi t  are (1) a multi-mode radar display (NMD), (2) a t a c t i c a l  
e lec t ronic  warfare  d isp lay  (TEWS) , and (3) a head-up d i sp lay  (HUD). 
The symbol gene ra to r  fo r  t h i s  s imula to r  has  a 1000 x 24-bit word memory which can be accessed manually 
v i a  its otm con t ro l  pane l  o r  by communication channel t i e d  i n  w i t h  t h e  XDS 9300. 
IflJLTIPLE  SENSOR  GENERATION  FACILITY: The components which comprise t h i s  f a c i l i t y  are f ly ing  spo t  
scanners ,  ba lanced  modula t ions ,  func t ion  genera tors ,  osc i l la tors ,  IF  s t r ips ,  v ideo  ampl i f ie rs ,  t iming  
devices ,  recorders ,  and operat ional  amplif iers .  These var ious components are used i n  combinations to 
evaluate  mult i -sensor  displays which can operate  in  many d i f f e r e n t  modes. This kind of evaluation 
involves simulation of r ada r ,  I R ,  laser and te levis ion sensors .  Some of the techniques that have been 
examined are forward-looking I R ,  forward-looking and side-looking radar,  terrain following radar,  low- 
l i gh t - l eve l  TV, and laser scanner. These techniques have been evaluated in context with a f u l l  simula- 
t i o n  of t he  ope ra to r ' s  con t ro l  and display elements.  
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LOCKWED CREW SYSTEMS  IMULATION LABORATORY 
REPORTING  INSTALLATION: STATUS  OF  FACILITY: Active 
Lockheed Aircraft Corporation 
Sunnyvale,  California 94088 
Simulation, 0162-41 P.0. Box 504 
Human Factors Engineering and Lockheed Missiles and Space Co. 
COGNIZANT ORGANIZATIONAL COMPONENT: 
OTHER  SOURCES  OF INFORMATION: LOCAL OFFICE TO CONTACT  FOR  INFORMATION: 
Crew Systems Simulation, 0162-41 
R. L. Martindale 
Phone:  (408) 742-4608 - 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILlTY  DESCRIPTION: The Crew System Simulation Laboratory i s  housed i n  a 6000 square foot area which 
includes supporting shop areas, and provides for e f f i c i e n t  o p e r a t i o n  and support of the simulation 
equipment. The f a c i l i t y  i n c l u d e s  a Simulation Computer System, a Visual Simulator,  a Solar  I l lumina t ion  
Simulator ,  an Integrated Display Simulator ,  and control /display components for  conf igur ing  crew work 
s t a t i o n s ,  all of which are of  the  f ixed  base  type .  S igna l  d i s t r ibu t ion  is through overhead cable trays. 
A high bay area is provided  to  accommodate crew s t a t i o n s  a t  the Visual  Simulator  window opt ics .  
SIMULATION  COMPUTER  SYSTEM: The computer  system consis ts  of  digi ta l  computers ,  special ized digi ta l  
processing equipment, and equipment fo r  i n t e r f ac ing  wi th  thes imula t ion  ha rdware .  The computers 
are an SEL 810A with 8K core and a Varian 620i with 8K core. An add i t iona l  8 K  core is shared by both 
computers f o r  fast access bulk s torage.  Per ipheral  devices  include two t e l e typewr i t e r s ,  two t ape  un i t s ,  
two high speed punch tape readers and two high speed tape punches. 
Specially developed equipment interfaces the simulation hardware signals with the computers providing 
296-channels of arialog-to-digital a t  two l e v e l s  w i t h  a t o t a l  a v d l a b l e  s a m p l i n g  r a t e  o f  40,000 saniples 
per second, 62 channels of digital-to-analog, 512 channels  of  dTscre te  out  wi th  se lec tab le  leve ls  and 
350 channels  of  discrete  in .  Other  signal condi t ion ing  capabi l i t i es  inc lude  d ig i ta l - to-synchro ,  s igna l  
a t tenuat ion  for  ana log- to-d ig i ta l ,  s igna l  ampl i f ica t ion  a t  two leve ls  for  d ig i ta l - to-ana log  and binary 
code - dig i ta l  convers ion .  A d ig i ta l  p reprocessor  provides  for  appl ica t ion  of  th ree  program-se lec tab le  
data compression algorithms for analog-to-digital ,  program selection of analog-to-digital  sampling rates 
and program con t ro l  of s igna l  i n t e r f ace  pa t ch ing .  
TESTING  CAPABILITIES: The Crew Systems Simulation Laboratory can simulate manhachine interfaces in 
complex systems.  This  capabi l i ty  is i n t e g r a t e d  i n t o  a s i n g l e  f a c i l i t y  l o c a t i o n  u n d e r  a s i n g l e  
management. The labora tory  provides  s imula t ions  in  (1) Manual control of space,  undersea and surface 
vehicles with system dynamics, crew s t a t i o n  c o n t r o l s  and displays,  and v isua l  s imula t ion  in te r fac ing  
with t h e  human con t ro l l e r ;  (2) Complex i n t e g r a t e d  d i s p l a y  p r e s e n t a t i o n s  f o r  manual veh ic l e  con t ro l ,  
sensor  da ta  process ing ,  and  s i tua t ion  d isp lay  appl ica t ions ,  and  (3)  Vis ib i l i ty  s imula t ions  in  manned 
space-vehicle environments. 
FACILITY  COST  HISTORY 
IAVERAGE  ESTIMATED  OPERATING I CONSTRUCTION YEAR: 1966-1968 COST $ 650.000* I 
COST  (TYPICAL  8-HOUR SHIFT):  Not Available I ESTIMATED  REPLACEMENT  VALUE $1,4001000 
CONTRACTOR: Lockheed LOCATION: Sunnwale.   Cal i fornia  
IMPROVEMENTS AND COSTS: (1968-70) Simulation  computer  system  improvements,  Cost'$125,000; 
(1969-70) Television system improvements, Cost $45,000; (1968-69) Illumination simulator development, 
Cost $35,000; Integrated display simulator development, Cost $120,000. 
~< 
*Does not  inc lude  cos t  of land,  bui lding and bui lding modif icat ions.  
PLANS  FOR  FACILITY  IMPROVEMENTS: Improvement of Computer/Simulator  Interface  Systems; Improvement of 
Integrated Display Simulator ;  Addit ion of  Color  Televis ion for  Visual  Simulat ion.  
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VISUAL S'II.IULATOR: Visual scene elements presented to the crew s t a t i o n  i n c l u d e  s t a r f i e l d  w i t h  s u n  and 
moon, lunar surface and horizons from orbit ,  rendezvous and docking target vehicles,  and low a l t i t u d e  
lunar and undersea terrain. These scene elements are presented  to  the  crew s t a t i o n  a t  a 1 0  x 13 inch  
window wi th  90 degree field-of-view through virtual imaging optics. Images a r e  mixed through two inpu t  
channels  in  the  opt ics .  The s t a r f i e l d  and  rendezvous t a rge t  veh ic l e  images are d i r e c t l y  p r o j e c t e d  i n t o  
the  op t i c s .  The lunar  surface,  docking target  vehicle  and t e r r a i n  images are generated by models with. 
r e l a y  i n t o  t h e  o p t i c s  v i a  t e l e v i s i o n  p r o j e c t i o n .  The t e l e v i s i o n  l i n k  is black and white with 1029 
v e r t i c a l  s c a n  l i n e s  and a frame rate of 30 per second. Light collimation angles from projected images 
are dynamically controlled to simulated range (from 16 f t   t o  -). Selected motion performance charac- 
t e r i s t i c s  are summarized i n  t h e  f o l l o w i n g  t a b l e :  
Image Maximum  LOS Rates Threshold LOS Rates Maximum Accelerations 
S t a r f i e l d  30°/sec l " / s e c  
Rendezvous Target 133'lsec .067"/sec 
Docking Target 30"Isec 1"Isec  
A l l  body freedom displacements are continuous. Comparable performance is obtained from the horizon and 
t e r r a i n  images.  Lunar su r face  and horizon from orbi t  is genera ted  f rom amving  r ig id  g lobe  sec t ion  
model with conventional television probe. Terrain images use a f l e x i b l e  b e l t  w i t h  p r o b e .  
OPERATIONAL D I A G W f  
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SOLAR ILL~fINATION SDlULATOR: This simulator creates space photometric conditions using physical models 
for  purposes  of  eva lua t ing  v is ib i l i ty  for  conduct  of  crew operations.  The operations include docking, 
EVA, surface s ight ings from space,  lunar  surface t raverse ,  instrument  reading and ta rge t  vehic le  de tec-  
t i on  s igh t ings .  It is a l s o  used for measuring ref lectance propert ies  of  vehicle  external  surfacing 
materials and to  de te rmine  camera set t ings for  space photography.  The s imulator  consis ts  of a c o l l i -  
mated (one-half degree) so l a r  sou rce  wi th  f ive  foo t  beam diameter  and correct  spectral  densi ty  
in  the  v is ib le  range .  This  source  is normally operated from .3  t o  .6 so la r  cons t an t  w i th  the  test 
operat ion scaled accordingly.  Tests are conducted i n  a test ce l l  which provides a radiat ion s ink with.  
less than one-tenth of  one percent  ref lect ion back into the test area from the  in t e rcep ted  beam and the  
test ob jec t s  r e f l ec t ions .  Test ob jec t s  are models  placed in t h e  beam. Extensive television, photo- 
graphic and photometric measurement instrumentation is provided. Motion drives are provided for dynamic 
operat ions,  such as docking, using reduced scale models. 
OPERATIONAL DIAGRAM 
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INTEGRATED DISPLAY SItiILATOR: An in tegra ted  ca thode  ray  tube  d isp lay  i s  presented at  t h e  crew s t a t i o n  
i n  raster scan  format  wi th  525  ver t ica l  l ines  in  co lor  or  up t o  1029 v e r t i c a l   l i n e s   i n   b l a c k  and white. 
Three input channels are o p t i c a l l y  mixed to  p rov ide  a composi te  f ina l  d i sp lay  output .  Inputs  to  the  
o p t i c a l  mix include computer generated random plot alphanumerics,  vectors and conics;  A and B scan p l o t s  
e i t h e r  computer or  source s ignal  generated;  computer  selected f ixed formats  f rom projected s l ides;  and 
television imagery from recorded tapes or from the Visual Simulation System sources.  
OPERATIONAL DIAGRAM 
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LOCKHEED  FLIGHT  SIMULATION  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
Lockheed Aircraft Corporation COGNIZANT  ORGANIZATIONAL  COMPONENT: 
LocWleed-Georgia Comp&ty 
South Cobb Drive 
I Engineering  Systems  Test  Division, 72-SO 
AVERAGE  STIMATED  OPERATING 
COST  ( YPICAL 8-HOUR SHIFT): $1300 - $3000 * 
CONTRACTOR: Lockheed LOCATION: Marietta, Georgia 
IMPROVEMENTS AND COSTS: (1967) Visual system and terrain map (Dalto Electronics Corp.) ,  Cost $350,000. 
CONSTRUCTION  YEAR: 1966 
ESTIMATED  REPLACEMENT  VALUE $1,500,000 
$ 750,000 
* Depends on amount of shared hybrid computer time used. 
PLANS FOR FACILITY  IMPROVEMENTS: Equip cockpit with 6-DOF moving base system, incorporate heads-up 
display with present instrument display.  
Marietta.  Georvia 30060 
OTHER SOURCES  F  INFORMATION:  ILOCAL  OFFCE  T CON AC F R I I :
AlAA Paper No. 70-922, by C. P. Moore, 
Systems  Dept, C. P.  Moore C-5 Fl ight  Simulat ion Program 
Fl ight  Simulat ion and Mechanical 
Phone: (4041 434-9451 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Lockheed-Georgia Company f l i gh t  s imula t ion  l abora to ry  is  a n  i n t e g r a t e d  f l i g x t  
s imula t ion  f ac i l i t y  equ ipped  fo r  real-time open-loop  and  closed-loop f l i gh t  s imula t ion .  The ava i l ab le  
on-si te  and remote faci l i ty  equipment  includes two f ixed  base  f l i gh t  s imula to r s  o f  medium and l a r g e  
t r a n s p o r t  a i r c r a f t  crew s t a t ions ,  ana log  and hybrid computers,  closed circuit  television visual System, 
t e r r a i n  map, spec ia l  g raphics  d isp lay  equipment ,  and  in te r face  wi th  a i rc raf t  au tomat ic  f l igh t  cont ro ls  
and avionics hardware. The combined f a c i l i t y  equipment is i n  excess  of  that  needed for  operat ing two 
six-degree-of-freedom flight simulation problems simultaneously,  one hybrid,  one analog. The v i s u a l  
t e r r a in   s cene  may be  in te r faced  wi th  e i ther  cockpi t .  
REMOTE HYBRID COMPUTER  COMPLEX: The hybrid computing system consists of a MAC 16 with 16K  memory l inked  
through four Astrodata Intracoms to four C I  5000 analog consoles.  The C I  5000 analogs may be trunked 
d i r e c t l y  t o  a n  i n p u t l o u t p u t  i n t e r f a c e  a t  the  cockp i t  computer area for  s imulat ion access  to  real- t ime 
hybrid operation. 
Analog Computers - The simulation laboratory analog equipment includes an SD-80 computer, an EA1 (PACE) 
131-R, and s o l i d  state analog computer elements for a t o t a l  o f ' 4 2 8  a m p l i f i e r s ,  54 m u l t i p l i e r s ,  
14 funct ion generators ,  4 sin-cos generators, and 4 reso lvers .  
Graphics - An IDI-E1 graphics system with a 21  inch  CRT is a v a i l a b l e  f o r  p i l o t  d i s p l a y s  and o the r  
s p e c i a l  e f f e c t s  d i s p l a y s .  The graphics system is d r i v e n  i n  real-time by any of several  available 
computers. 
VISUAL  SIMULATOR: A 1029 l ine  c losed  c i r cu i t  co lo r  t e l ev i s ion  v i sua l  s imula to r  is used t o  present  a 
realistic t e r r a i n  v i e w  t o  t h e  p i l o t .  The TV camera, i n  effect, operates in six-degrees-of-freedom over 
a ground model 76,000 by 21,800 s c a l e  f e e t  w i t h  a v e r t i c a l  r a n g e  from 12 t o  2000 f e e t  s c a l e  a l t i t u d e .  
The p i l o t ' s  f i e l d  o f  view is 40 d e g r e e s  v e r t i c a l  by 50 degrees horizontal. The t e r r a i n  model incorpo- 
rates an instrument  landing system with adjustable  gl ide s lope angle  and f ixed  loca l izer  for  ins t rument  
approaches t o  a r e p l i c a  o f  t h e  A t l a n t a  a i r p o r t .  F u l l y  c o n t r o l l a b l e  s p e c i a l  e f f e c t s  p r o v i d e  f o r  low ceil- 
i n g ,  v i s i b i l i t y  and scud. A h igh  a l t i t ude  model can  be  se l ec t ed  fo r  un l imi t ed  r ange  o f  c ru i se  f l i gh t .  
COCKPIT  SIMULATOR  STATIONS: The cockpi t  s imulators  are t r a n s p o r t  a i r c r a f t  f l i g h t  s t a t i o n s  w i t h  s i d e  by 
s i d e  p i l o t  and cop i lo t  s ea t ing  and wheel, column, and rudder pedal control.  These cockpits are fi t ted 
wi th  e lec t rohydraul ic  feel systems that  provide the proper  s ta t ic  and dynamic force displacement 
r e l a t i o n s h i p  f o r  t h e  w h e e l ,  s t i c k ,  and rudder. The systems are f u l l y  programmable to  s imula te  the  
a i r c ra f t  f ee l  sys t em e l emen t s  o f  an a i r c r a f t  f l i g h t  c o n t r o l  system. Each of the cockpi ts  i s  equipped 
wi th  fu l ly  ope ra t iona l  f l i gh t  i n s t rumen t s ,  s t a tus  d i sp l ays ,  p r imary  f l i gh t  con t ro l s ,  eng ine  con t ro l s ,  
and  appropr ia te  inputs  to  trim, f l aps ,  l and ing  gea r ,  t h rus t  r eve r se r s ,  and the  au tomat i c  f l i gh t  con t ro l  
system.  Both  cockpits  have access to  the  c losed  c i r cu i t  t e l ev i s ion  v i sua l  s imula to r .  The v i sua l  s cene  
f o r  t h e  l a r g e  t r a n s p o r t  c o c k p i t  is back projected onto a t rans lucent  sc reen  and is viewed from the  
FACILITY COST  HISTORY 
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COCKPIT SIMULATOR STATIONS  (CONTINUED) 
p i lo t ' s  pos i t i on  th rough  a v i r t u a l  imaging lens. The VTOL/STOL cockp i t  v i sua l  p re sen ta t ion  is a d i r e c t -  
viewed,  front-projected  system. 
TESTING  CAPABILITIES: T h i s  f a c i l i t y  p r o v i d e s  i m p o r t a n t  s t a b i l i t y  and control  information and establ ishes  
bases  for  design of  f l ight  controls  and s tabi l i ty  augmentat ion.  Pi lot  tasks  at  cruise and high speed 
inc lud ing  tu rn  en t ry  and e x i t ,  changes i n  trim cond i t ions ,  i nves t iga t ion  o f  s t i ck  fo rce lg  r e l a t ionsh ips ,  
and examinations of the phugoid and short period effects. Low speed approach and landing  charac te r i s -  
t i c s   f o r  ILS  capture ,  t rack ing  and  the  landing  f la re  maneuver can also be evaluated. 
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LOCKHEED FJJGHT TRAINING  SIMULATOR 
REPORTING  INSTALLATION: STATUS OF FACILITY: Active 
Lockheed Aircraft Corporation 
P.O.  Box 511 
Flight Operations, Dept 98-37, Bldg  608, Lockheed-California Company 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
P lan t  10  
Burbank. Ca l i fo rn ia  91503 I 
OTHER  S URCES  OF  INFORMATION:  ILOCALOFFCE TO CONTACT  FOR INF RM TION: 
Fl ight  Operat ions,  
J. Cooley 
Phone:  (805) 272-2406 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Fl ight  Training s imulator  is an  - in t eg ra l  pa r t  of t h e  o v e r a l l  F l i g h t  C r e w  
Training program conducted by Flight Operations Department. Training i s  oriented primarily toward, but 
no t  l imi t ed  to ,  t he  t r a in ing  of a i r l i n e  customer p i l o t s  of Lockheed L-1011 a i r c r a f t .  
COMPUTER  COMPLEX: The computer  complex c o n s i s t s  of two XDS SIGMA I1 d i g i t a l  computers  and  one  Honeywell 
S a t e l l i t e ,  96K  Memory, 8 110 Channels, 2 magnet ic  tape uni ts ,  3 t e l e types ,  a card reader ,  a paper tape 
reader and punch, a Sanders  display uni t  and 2,  3-Megabyte d i s k  f i l e .  
MOTION  SYSTEM:. The six degrees of freedom motion system simulates the motion cues received by t h e  f l i g h t  
crew i n   f l i g h t  and on the ground. 
The following maximum excur s ion ,  ve loc i t i e s  and accelerat ions can be achieved by t h e  system. 
AXIS 
PITCH 
ROLL 
YAW 
VERTICAL 
LATERAL 
LONGITUDINAL 
EXCURSION 
+30° -25' 
f 20° 
f 25O 
f 2.8 f e e t  
f 4.9 f e e t  
f 4.2 feet 
VELOCITY 
f 20'Isec 
f 16O/sec 
f 20°/sec 
f f e e t l s e c  
f 2.6 f e e t l s e c  
f 2 f e e t l s e c  
ACCELERATION 
2 30'/sec2 
f 20'/sec2 
2 2oa/sec2 
f 24 f ee t / s ec2  
f 16  f ee t I sec2  
2 16 fee t I sec2  
VISUAL  SYSTEM: The VAMP (variable anamorphic motion picture) visual system is a film pro jec t ion  d isp lay  
sys tem des igned  for  f l igh t  s imula tors  to  provide  v isua l  scene  s imula t ion .  In  opera t ion  the  VAMP system 
enables  synthet ic  changes to  be produced in  the apparent  viewing posi t ion of a motion picture taken from 
a n  a i r c r a f t  f l y i n g  a prescribed mission. This synthetic change is produced by means of op t ica l  e lements  
which alter the  pe r spec t ive  of the  pro jec ted  image. 
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
ESTIMATED  REPLACEMENT VALUE .$ Not Available COST  ( YPICAL 8-HOUR SHIFT):  Not Available 
CONSTRUCTION  YEAR: 1969 COST $ 121,000.00 
IMPROVEMENTS AND COSTS: Not Available. 
CONTRACTOR: Wiliam Simpson Construction Company LOCATION: Los Angeles,  California 
I 
PLANS  FOR FACILITY  IMPROVEMENTS: NOTE: New f ac i l i t y ,  unab le  to  g ive  fu r the r  i n fo rma t ion  a t  t h i s  t ime .  
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LTV  FLIGHT  SIMULATION FACILITIES 
REPORTING  INSTALLATION: 
P.O. Box 5907 
F l i g h t  Technology Vought Aeronautics Company 
COGNIZANT ORGANIZATIONAL  COMPONENT: LTV Aerospace Corporation 
. STATUS  OF  ACILITY: Active 
OTHER  SOURCES OF  INFORMATION: 
Dallas, Texas 75222 
LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Flight Simulation, Unit  2-53350 
Mr. P. C. Dillenschneider 
o w :  ( 3 1 4 )  266-4529 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The s imulat ion laboratory is made  up of  four  spec i f ic  areas occupying approxi- 
mately 25,000 f t 2  of floor space.  These are (1) a real time hybrid computing f a c i l i t y  occupying 
approximately 8000 f t 2 ,  (2) a f ixed base s imulat ion area of approximately 5000 f t2 ,  l oca t ed  ad acent  
t o   t h e  computing f a c i l i t y ,  (3) a small-amplitude moving base fac i l i ty  of  approximate ly  2500 f t  d , 
located on an adjacent floor,  and (4) a new faci l i ty  locat ion of  approximately 10,000 f t2 ,  located 
remotely (approximately 500 feet) from t h e  computer area which w i l l  house the new large ampli tude moving 
base and the  new general  purpose visual system. This new add i t ion  will be occupied i n  t h e  first 
quar te r  of  1971. 
The various simulation hardware devices and computing equipment are employed as bui lding blocks to  pro-  
v ide  a s imula t ion  capab i l i t y  in  suppor t  o f  spec i f i c  program needs. Several typical configurations are 
i d e n t i f i e d  below. 
HYBRID COMPUTING FACILITY: The hybrid computer fac i l i ty  houses  four  h igh  speed ,  genera l  purpose  d ig i ta l  
computers, six analogld ig i ta l  l inkage  sys tems and six Electronic  Associates  Inc. ,  analog consoles .  
Each d i g i t a l  computer has t h e  110 equipment necessary for independent operation. The Xerox Data Systems 
(WS) computers have the additional capabili ty of communicating with any other W S  computer i n  t h e  
system.  These  intercom  systems p r w i d e  an e a s i l y  expanded multi-processor hybrid complex.  The follow- 
ing is a list of  these digi ta l  computers :  
a. Two XDS 930 computers with 12K and 20K of memory. 
b. Two W S  SIGMA 5 computers with 24K of common memory each with independent CPU operation. 
In t e r f ace  wi th  the  va r ious  . s imu la to r  s t a t ions  is provided through digital-to-analog converters,  digital-  
to-synchro converters ,  and discrete  l ines .  
SPECIAL  SIMULATION HARDWARE:  
Simulator Cockpits - Several  cockpi ts  are ava i lab le :  
a. Convent iona l  f l igh t  cont ro ls  and  computer dr iven instrument  displays are provided i n  two, 
f ixed base,  s ingle-place f ighter  type cockpi ts  with the internal dimensions of the F-8 air- 
craft. Mechanical systems provide control feel with a s t ick  shaker  used  as an indication of 
pene t r a t ion  in to  the s imula t ed  a i r c ra f t  bu f fe t  boundary. An i n f l a t a b l e  "G" s u i t ,  under computer 
cont ro l ,  p rovides  the  p i lo t  wi th  normal  (Nz) accelerat ion cues.  Both cockpits are c u r r e n t l y  i n  
use  i n  a two-man, two-aircraf t  a i r - to-air  combat simulation. 
b. One single-place general  purpose F-8 cockpit  with moving base  capabi l i ty  is ava i lab le .  The 
cockpi t  includes the normal ,  convent ional  f l ight  controls  and a c o l l e c t i v e  s t i c k ,  f o r  e i t h e r  
FACILITY  COST  HISTORY 
I AVERAGE  ESTIM T D  OP ING I CONSTRUCTION  YEAR: 1970 COST $2.400,000 I 
COST  (TYPICAL &HOUR SHIFT): $400-4,000* I ESTIMATED  REPLACEMENT  VALUE $3,000,000 . .  
CONTRACTOR: Internal ly   Constructed LOCATION: Dallas.  Texas
IMPROVEMENTS AND COSTS; (1971) Large amplitude motion system performance tests, man r a t i n g  and cockpit ,  
Cost $155,000; (1971) General purpose visual system modeling, l ighting and installation, Cost $55,000; 
(1971 Miscel laneous faci l i ty  iqrovements ,  Cost  $55,000. I 
PLANS  FOR FACILITY  IMPROVEMENTS: Continued general development of visual system, sound, crew s t a t i o n s ,  
and control  feel  systems.  
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SPECIAL SIMULATION HARDWARE (CONTINUED) 
C. 
d. 
e. 
convent ional  or  V/STOL simulat ion purposes .  Variable ,  mechanical  control  feel  systems are 
inco rpora t ed  in  a l l  axes  wi th  provis ions  for  a force  servo  sys tem in  the  longi tudina l  axis. 
The ad jus t ab le  f ee l  fo rces  encompass those found i n  t h e  XC-l42A, the  F-8 and A-7 a i r c r a f t .  
An extensive array of computer driven cockpit instruments is provided. This cockpit  is 
c u r r e n t l y  i n  u s e ,  i n s t a l l e d  on a small amplitude moving base, i n  a n i g h t  carrier landing 
approach study. 
One single-place simulated A-?D/E cockpi t  is conf igured  for  moving o r  f ixed  base  s imula t ion  
programs. The cockpi t ,  cont ro l  fee l ,  ins t rument  d isp lay  and weapons de l ivery  func t ions  of 
t he  A-?D/E are fai thful ly  reproduced.  The cockpi t  is c u r r e n t l y  i n  u s e ,  f i x e d  b a s e ,  i n  a n  
A-7D/E Tactical I4ission simulation program. The actual a i rborne  Head-Up Display and weapon 
delivery and navigation computer are incorporated in  the s imulat ion loop.  
One single-place,  f ixed-base simulation A-7 aircraft cockpi t ,  current ly  being used for  labora-  
t o r y  i n v e s t i g a t i o n s  of con t ro l  f ee l  sys t ems  i s  provided with the normal  f l ight  controls ,  
instrument provisions and A-7 c o n t r o l  f e e l  c h a r a c t e r i s t i c s .  
One two-place, f ixed base,  simulator cockpit  having the internal dimensions and control  func-  
t ions  of  the  XC-142A  V/STOL a i r c r a f t  is a v a i l a b l e   f o r   f u t u r e   s i m u l a t i o n   a c t i v i t i e s .  
Visual Displays - Cur ren t  v i sua l  d i sp l ays  r e ly  upon computer generated image information stored i n  a 
rap id  access, fixed-head magnetic s t o r a g e   d i s c   o r   a l t e r n a t i v e l y   i n   t h e  main computer memory bank of 
an XDS 930 d i g i t a l  computer. The information 5s processed through a special  purpose display computer 
dr iving an end display in  a beam w r i t i n g  mode or  vector  s t roke fashion.  Three different  end displays 
are now i n  use. The f i r s t  of these is a Schmidt projector  providing an image on a curved screen 
through a fo lded  opt ica l  pa th .  The image is viewed through a collimating lens system providing the 
pi lot  with approximately an 80 degree  con ica l  f i e ld  of view. Three such systems are ava i lab le .  The 
second end display is a 19-inch shadow mask c o l o r  CRT faced with a d i rec t  v iewing  co l l imat ing  lens  
system providing the pilot  of a s imulator  cockpi t  with a 20" x 30" f i e l d  o f  view. The scene i n   t h e  
lat ter case is i n  c o l o r .  Two such systems are i n  use. The t h i r d  e n d  d i s p l a y  u t i l i z e s  r e f r a c t i v e  
o p t i c s  t o  p r o j e c t  a n  image on t h e  i n t e r i o r  of a spher ica l  sc reen .  Two such systems are employed f o r  
a i r  combat s imulat ion.  
A new general  purpose visual system is p resen t ly   be ing   i n s t a l l ed   t o   p rov ide  a v i s u a l   s c e n e   f o r  a 
v a r i e t y  of f l ight  s imulat ion tasks .  This  system incorporates  proven techniques and equipment of the 
latest d e s i g n  t o  c a p i t a l i z e  on accumulated f ie ld  exper ience .  The system consists of a h igh  reso lu t ion  
b lack  and  whi te  te lev is ion  camera (1029 l ines)  in  combinat ion with a spec ia l  op t ica l  l ens  sys tem,  
a l l  mechanized to simulate the motion of a p i lo t ' s  eyepoin t  over  a s c a l e d  t e r r a i n  model. The l e n s  
system on the camera contains  opt ical  e lements  which are motor driven under computer control t o  f o l l o w  
the  three-axis  ro ta t iona l  mot ions  of  the  s imula ted  a i rc raf t .  The camera i t s e l f  i s  mounted on a car- 
r i age ,  which is a l s o  computer driven through motors to provide the three l inear motions of the simu- 
l a t e d  a i r c r a f t .  The unsealed maximum l i n e a r  movements are 50 f e e t  by 1 5  f e e t  by 12 f e e t ,  w h i l e  
r o t a t i o n a l  movements are unl imi ted  ( spec ia l  t echniques  requi red  in  p i tch) .  The t e r r a i n  model being 
overflown is present ly  a mosaic composed of aerial  photographs scaled to provide the desired flyspace.  
Other  models  with different  scale  factors  and f lyspace,  may be  subs t i t u t ed  to  su i t  spec i f i c  s imula t ed  
missions. The camera views a r e l a t i v e l y  r e s t r i c t e d  p o r t i o n  of  the forward f ie ld  of v i e w ,  genera l ly  
along the boresight of the simulated aircraft  (approximately 38' x 48" f i e l d  of view). The r e s u l t a n t  
t e l e v i s i o n   s i g n a l  may be  used  to  dr ive  a v a r i e t y  of visual  end-display at tachments  on f ixed or  moving 
base s imulator  cockpi ts .  
Motion System - A three angular degree of freedom (plus one redundant degree) small amplitude moving 
base ,  o r ig ina l ly  deve loped  fo r  a s t ronau t i c  s imula t ion ,  i s  c u r r e n t l y  i n  u s e  on a i r c r a f t  f l i g h t  s i m u l a -  
t i o n  programs. Since the cockpit is mounted on a moment arm i n  t h e  p i t c h  and yaw axes, motions about 
these axes also produce heave and la teral  acce lera t ion ,  respec t ive ly .  M a x i m u m  performance capabi l i t ies  
are i d e n t i f i e d  below. 
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SMALL AMPLITUDE MOTION SYSTEM  PERFORMANCE: 
Linear  Motion Longitudinal 
Vertical 
(from yaw) (from  pitch) 
La te ra l  
Displacement ( f t )  
Veloc i ty   ( f   t l sec)  
Accelerat ion (f t /sec2)  
None 2 1  
5.4 
+176 ,-112 
f l  
5.4 
144 
I Rotary Motion I Rol l  I P i t ch  I Yaw 
Displacement (f t) 
11,460 Acceleration (f t / sec2)  
90 Ve loc i ty  ( f t l s ec )  
2 20 f 1 0  
52 
1,318 
? 10 
52 
1,375 
The motion system is mounted i n s i d e  a 20 foo t  d i ame te r  sphe r i ca l  s c reen  enc losu re  f ac i l i t a t i ng  d i r ec t  
p ro jec t ion  techniques  for  _visual f l i g h t  cues.  Interchangeable cockpits are eas i ly  coupled  to  the  
moving base. 
A new large amplitude motion system i s  current ly  being fabricated and w i l l  be placed in  ope ra t ion  
during mid 1971. 
The motion system i s  a f ive degrees  of  f reedom configurat ion (ver t ical ,  lateral ,  r o l l ,  yaw and p i t c h )  
t h a t  is dr iven  by hydrau l i ca l ly  powered l i n e a r  a c t u a t o r s .  The moving base system is composed of a 
beam s t ruc ture  approximate ly  24 feet i n  l e n g t h  t h a t  is pivoted about two axes a t  one end with a three- 
axis angular gimbal-cockpit support system mounted on the  opposi te  end. Beam motion provides the 
vertical and lateral motion, while the angular  gimbal  system provides  the pi tch,  rol l  and yaw motion. 
Maximum performance capabi l i t ies  of  the new motion system are defined below. 
LARGE AMPLITUDE MOTION SYSTEM  PERFORMANCE: 
Linear  Motion Lateral Vertical Longitudinal 
I I I 
Displacement (f t) 
Velocity  (f  tlsec) 
Accelerat ion  ( f t Isec2)  
~ None f 10 
f 20 
f 62.4* f 19.3 
Rotary  Motion Yaw P i t ch  Rol l  
Displacement  (deg) 
2 116 f 58 2 343 Acceleration (degIsec2) 
' 2 16 3 18 2 30 Velocity (deglsec) 
2 10 + 10 .f 15 
*From l g  = 32.2 €t/sec2; Frequency response: 0 t o  3 Hz with  less than 30' phase  sh i f t .  
AIR COMBAT SIMULATOR: The a i r  combat simulator w a s  developed for  evaluat ion of a i r c r a f t  and a i r c r a f t  
armament systems i n  c l o s e - i n  v i s u a l  a i r  combat environments. The simulator consists of two  manned 
fixed base cockpits,  interconnected through "out-of-the-window" v i sua l  d i sp l ays .  Each p i l o t  is f r e e  
t o  maneuver his s imula t ed  a i r c ra f t  anywhere within its f l igh t  envelope ,  in  real time, in  response 
t o  the dynamic  combat s i t u a t i o n  as he  sees i t  develop. An encounter is terminated with expenditure of 
munitions by e i t h e r  p a r t i c i p a n t  o r  a f t e r  a f ixed  time i n t e r v a l .  The "winner" of an engagement is de ter -  
mined by pos t - f l igh t  eva lua t ion  of  the  resu l tan t  records  on  the  bas i s  of s e l ec t ed  weapon conversion 
criteria. Simulator generated parametric results of a i r c r a f t  o r  armament system tradeoffs  may be used 
in  conjunct ion  wi th  more conventional methods to arrive at  the  most cost-effect ive configurat ion.  
Each p i lo t  occup ies  a f ixed  base  s ing le -p lace  f igh te r  a i r c ra f t  t ype  cockp i t  i n s t a l l ed  in s ide  a sphe r i ca l  
screen enclosure.  The conventional control arrangement includes st ick,  rudder pedals,  modulated after-  
burner  throt t le ,  speed brakes,  t r igger ,  and var iable  wing  sweep. Single gradient mechanical feel  systems 
provide  cont ro l  fee l  about  a l l  t h r e e  c o n t r o l  axes. P a r a l l e l  "beep" trim is incorpora t ed  in  the  long i tu -  
dinal system. Cockpit  instrumentation includes the alrimeter, airspeed/Mach number, r a t e  of climb, 
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three-axis  a t t i tude  ind ica tor ,  normal  acce lera t ion ,  wing  sweep pos i t i on ,  and  fue l  quan t i ty .  A longi tu-  
d ina l  s t i ck  shake r  s imula t e s  pene t r a t ion  in to  a i r c ra f t  bu f fe t ,  i nc reas ing  in  magn i tude  to  an  uncon- 
t r o l l e d  s t a l l  depar ture .  S ta l l  recovery  i s  accomplished by r e l ax ing  s t i ck  p re s su re .  The p i l o t  normally 
wears a "GI' s u i t  which is in f l a t ed  to  p rov ide  su i t ab le  no rma l  acce le ra t ion  cues  and  a r ep resen ta t ive  
p i l o t  work load. 
The v i s u a l   d i s p l a y   p r o v i d e s   t h e   p i l o t   w i t h  a near  3 It s t e r r a d i a n   f i e l d   o f  view by   d i r ec t   p ro j ec t ion   on  
the  sur face  of  a 16 foot  diameter  spherical  project ion screen surrounding each cockpi t .  Visual informa- 
t ion  inc ludes- the  opponent  a i rc raf t  image  in  proper  loca t ion ,  or ien ta t ion ,  and  s ize ;  an a t t i t u d e  s t a b i -  
l ized representation of the earth/horizon/sky; and gunsight imagery including two f ixed  reticles, a 
lead compensation pipper, a range scale, and an "in range" (gun) f i r i ng  b racke t .  The a i r c r a f t  image is 
generated and processed i n  a . d i g i t a 1  computer driving a f ixed ,  h igh  b r igh tness ,  6 inch diameter cathode 
ray tube (CRT) i n  a l igh t  penc i l  f a sh ion .  The computer-generated a i r c r a f t  image is focused-on  the  
sur face  of t he  sphe r i ca l  p ro j ec t ion  screen by a r e f r ac t ive  op t i c s  sys t em and  a cen te r  mounted gimbal 
supported mirror .  Mirror  rotat ion posi t ions the aircraft image in  proper  azimuth and elevat ion w h i l e  
changes i n  perspective and range appear as changes i n  image information on t h e  f a c e  o f  t h e  CRT. The 
earth/horizon/sky image, provid ing  a i rc raf t  a t t i tude  and  heading  informat ion ,  i s  generated by an off-  
cen te red ,  g imba l l ed ,  po in t  l i gh t  sou rce  p ro jec to r  and  su i t ab le  mask. Gunsight imagery, along the 
a i r c ra f t  wa te r l ine  ex tens ion ,  i s  provided by separate  projectors .  Visual  system resolut ion provides  
realistic ta rge t  a t t i tude  informat ion  to  ranges  of  3 t o  4 n a u t i c a l  miles. 
CARRIER APPROACH  SIMULATOR: The Carrier Approach Simulator  consis ts  of  a six degree of freedom (DOF) 
representa t ion  of  the  airplane, a three DOF representa t ion  of  the  aircraft carrier (p i t ch ,  t r ans l a t ion ,  
and heave), a v i s u a l  d i s p l a y  o f  t h e  n i g h t  c a r r i e r  l a n d i n g  s i t u a t i o n ,  a n d  a s ingle-place cockpi t  with 
instruments  and appropriate  control  funct ions.  The cockpit  i s  mounted on a moving base providing 
acce le ra t ion  cues  due  to  p i lo t  con t ro l  i npu t s  and atmospheric turbulence. The object ive of  the s imula-  
t i o n  is to  inves t iga t e  the  hand l ing  qua l i t i e s  o f  an aircraft on t h e  carrier approach gl ide s lope from 
g l i d e  s l o p e  i n t e r c e p t  t o  touchdown. A means is the reby  p rov ided  fo r  t he  f l i gh t  test p i l o t  t o  p a r t i c i -  
p a t e  i n  and  in f luence  the  a i r c ra f t  des ign  to  ensu re  carrier s u i t a b i l i t y .  
The s imulated cockpi t  is a typica l  s ing le-p lace  a i rc raf t  conf igura t ion  wi th  convent iona l  stick and 
rudde r  p r imary  f l i gh t  con t ro l s ,  t h ro t t l e ,  and speed brake control.  Longitudinal parallel  beep trim and 
p r o p o r t i o n a l  s p r i n g  l o a d e d  t o  c e n t e r  d i r e c t  l i f t  c o n t r o l  are provided about a l l  three axes. Mechanically 
adjustable  breakout  and s ingle  force gradients  are provided i n  t h e  lateral and direct ional  channels  
while a programmable e lec t ro-hydraul ic  force  servo  sys tem provides  fee l  forces  i n  t h e  l o n g i t u d i n a l  
channel .  Computer-dr iven cockpi t  instruments  include at t i tude direct ion indicator ,  a i rspeed,  a l t i tude,  
rate of climb, angle-of-attack, angle-of-attack indexer,  pitch trim, speed brake position, and engine 
rpm. A simulation of engine noise,  modulated by thrott le movements through a s u i t a b l e  l a g ,  i s  provided 
through a headset or loudspeaker system. The v i s u a l  d i s p l a y ,  c o n s i s t i n g  of a col l imat ing lens  system 
and a 19-inch shadow mask color  cathode ray tube mounted above the instrument  panel ,  provides  a 20' by 
30' view of a c a r r i e r  a t  n ight .  The visual image generated i n   t h e   d i g i t a l  computer is a realistic re- 
production i n  t rue  co lor  of  the  carrier deck edge l i g h t s ,  t h e  runway c e n t e r  l i n e  and edge l i g h t s ,  t h e  
runway end l i g h t s ,  t h e  vertical drop l i n e  a t  t h e  ramp, and the  F resne l  Lens Op t i ca l  Landing System 
(FLOLS). The FLOLS p rov ides  the  p i lo t  w i th  a visual gl ide  s lope  dur ing  the  car r ie r  approach .  A l a r g e  
centered red l ight  designated the "meat-bal l" ,  r ides  i n  a vertical pa th  wi th  r e spec t  t o  a set of 
hor izonta l  g reen  datum l i g h t s .  The movement o f  t h e  b a l l  from the  centered  pos i t ion  is di rec t ly  propor-  
t i o n a l  t o  g l i d e  p a t h  change from the nominal. The v i s i b l e  g l i d e  s l o p e  v a r i a t i o n  is f 314" about  the 
nominal. A simulated real world horizon is also provided i n  t h e  v i s u a l  d i s p l a y .  The v i sua l  s cene  
r e s p o n d s  t o  t h e  p i l o t ' s  c o n t r o l  i n p u t s ,  FLOLS s t a b i l i z a t i o n  i n p u t s ,  a n d  t o  carrier p i t c h  and heave 
motion so as to cont inuously display a co r rec t  pe r spec t ive  view of  the  carrier l i g h t  s y s t e m  down t o  wire 
engagement,  wafeoff,  bolter,  or ramp impact. The cockpi t  and visual  display are mounted on a t h r e e  DOF 
moving base which provides coupled angular and l inear acceleration cues i n  the pitch-heave and yaw-side 
acce le ra t ion  axes as well as pure  ro l l  acce le ra t ion  cues .  Mechaniza t ion  of the  base  dr ive  equat ions  i s  
t a i lo red  to  p rov ide  realistic motion cues based upon a p i lo t  op in ion  s tudy  of con t ro l  i npu t s  du r ing  the  
i n i t i a l  test phase of the approach simulation. Moving base dis turbances are a lso  genera ted  i n  response 
to atmospheric and carrier wake d is turbances .  
MSSIOH SIMULATOR: The Mission Simulator was  conceived to  eva lua te  the  compa t ib i l i t y  and func t iona l  
capabi l i ty  of  new avionics  systems,  the cockpi t  layout ,  and pi lot  under  a simulated mission environment. 
The i n i t i a l  s i m u l a t i o n  employed extensive mathematical models of the complete avionics systems. Later 
developments have included the incorporation of major avionics hardware elements: the Navigation and 
Weapons Del ivery Digi ta l  Computer, t he  F l igh t  D i rec to r  Computer, t h e  Heads-Up Disp lay  and  the  d ig i t a l  
computer 110 communications panel. 
- 
MISSION  SIMULATOR  (CONTINUED) 
The mission simulator is a very extensive f ixed base s imulat ion of t h e  A-7 a i r p l a n e ,  f l i g h t  c o n t r o l  
system, and crew stat ion coupled to  an equal ly  extensive avionics  system which is part  s imulated and 
p a r t  a c t u a l  f l i g h t  hardware. A simulated "out-the-window" v i sua l  d i sp l ay  p rov ides  a VFR as well as an 
IFR c a p a b i l i t y  t o  t h e  p i l o t .  The simulator may be "flown" over the complete fl ight envelope of t h e  
a i r c r a f t   i n  a continuous fashion from takeoff, through enroute navigation, ground attack and landing, 
exe rc i s ing  in  the  p rocess  the  a i rbo rne  Nav iga t ion  and Weapons Del ivery Digi ta l  Computer, t h e  Heads-Up 
Display and f ina l ly  the  F l igh t  D i rec t ion  Computer dur ing  a simulated ILS approach. The simulator 
cockpit  is an  ac tua l  A-7 aircraf t  nose sect ion,  reconfigured for  s imulat ion purposes  and equipped 
with a complete array of  computer dr iven cockpi t  instruments .  Controls  include the pr imary f l ight  
con t ro l s ;  t h ro t t l e ,  gea r  and f l a t  c o n t r o l s ;  c o n t r o l  s t i c k  g r i p  w i t h  its convent ional  disarray of 
switches and buttons; armament system management switches; AFCS switches;  HUD cont ro ls ;  and the  Naviga- 
t i o n  and Weapon Delivery Computer controls.  Switches are provided for  the select ion of  the numerous 
functions and modes o f  aux i l i a ry  equipment operation. Two separate  proport ional  controls  were also 
provided for  s lewing of  the HUD aiming reticle - a single axis (displacement) thumb wheel on t h e  
t h r o t t l e  and a two axis penc i l  (rate) con t ro l  on t h e  l e f t  hand console. 
R e a l i s t i c  p r i m a r y  f l i g h t  c o n t r o l  f e e l  f o r c e s  are provided in t h e  lateral and d i rec t iona l  channels  by 
the  incorpora t ion  of  ac tua l  a i rc raf t  hardware  w h i l e  t h e  l o n g i t u d i n a l  a x i s  employs a force servo system 
to simulate the dual bobweights.  The a i r c r a f t  s t i c k  f o r c e  s e n s o r  is also incorporated and coupled to 
the simulated AFCS. The a i rborne  HLlD and computer 110 panel occupy the same l o c a t i o n s  a s  i n  t h e  
a i r c r a f t .  The  "out-the-window" display provides  the p i l o t  w i t h  a coll imated 50" f i e l d  of view of an 
austere-stylized-ground plane,  writ ten i n  a l i g h t  p e n c i l  on a black background. Two modes of v i s u a l  
operation are possible.  The f i r s t  - appl icable  to  the takeoff  and landing - provides a view of a 
runway wi th  equa l ly  spaced  t a r s t r ip s ,  s eve ra l  ad jacen t  s t i ck  f igu re  bu i ld ings ,  and a horizon l ine.  
The second mode, switch act ivated from the cockpi t ,  includes the enroute and attack information which 
is l i m i t e d  t o  a horizon line, a s t r a i g h t  l i n e  r o a d ,  two pyramid mountains, and two widely separated 
s t i c k  f i g u r e  ground targets. The coll imated ElJD symbology is superimposed  on t h i s  "out-the-window" 
scene by t h e  normal combining glass. Great care has been required in the mathematical  modeling of the 
complete a i r c r a f t  and avionics systems as well a s  t h e  model of t h e  real world Earth and atmosphere i n  
o rde r  t o  exe rc i se  the  ma jo r  modes of the total avionics system. Specific mathematical models emphasized 
include: 
a. 
b. 
C. 
d. 
e. 
f .  
g. 
h. 
i. 
j .  
A complete  unrestr ic ted six DOF representa t ion  of the air f rame including a l l  major aerodynamic 
parameters and non- l inear i t ies .  
A complete simulation of t h e  a i r c r a f t  c o n t r o l  s y s t e m  i n c l u d i n g  t h e  v a r i o u s  AFCS modes. 
Inertial navigation system which p rov ides  the  bas i c  a i r c ra f t  ve loc i ty  and a t t i tude  informat ion .  
Forward Looking radar which provides target range and bearing. 
Doppler radar which provides ground speed and d r i f t  angle. 
Radar altimeter which provides  a l t i tude above the target .  
Air da ta  computer which provides true airspeed, Mach number, and p res su re  a l t i t ude .  
Weapons b a l l i s t i c s  used in t h e  release poin t  pred ic t ions .  
Atmospheric and wind model. 
Ear th  representa t ion  as a ro t a t ing  e l l i p so id  o f  r evo lu t ion  and  assoc ia ted  gravi ty  f ie ld .  
Each mathematical model is mechanized to  the  ex ten t  r equ i r ed  to  ach ieve  f ide l i t y  ove r  t he  f r equency  
range  of interest. The computer  mechanization is n e a r l y  a l l  d i g i t a l .  It requires  an SDS-930, two- 
t h i r d s  of the  capac i ty  of  an SDS SIGMA 5 and approximately 70 analog amplif iers  interfacing between 
t h e  d i g i t a l  computer,  cockpit  instrumentation and ana log  record ing .  Pr ior  to  a  s imula ted  f l igh t ,  the  
airborne computer is loaded with the c u r r e n t  f l i g h t  program by us ing  the  same programming tape as  used 
in a c t u a l  f l i g h t .  I n i t i a l  a i r c r a f t  c o o r d i n a t e s  and as many as n ine  checkpoin ts  or  ta rge t  loca t ions  
are inserted manually. %e f i r s t  c h e c k p o i n t  o r  t a r g e t  is se l ec t ed  on t h e  computer  110  panel.  Follow- 
ing  a convent ional  takeoff  the visual  scene is manually switched t o  t h e  e n r o u t e  mode. S teer ing  
information is provided on t h e  HUD, t h e   v e r t i c a l   p o i n t e r  of t h e  AD1 and bearing pointer on t h e  HSI. 
Ground t r ack  and range information is also presented on the  HSI. Visua l  f ix  tak ing  provis ions  are 
provided by over f ly ing  a known checkpoint and updating the computer on passage. 
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MISSION SRWLATOR (CONTINUED) 
As t h e  t a r g e t  is approached, the HUD d isp lay  and  computer s o l u t i o n  is swi tched  to  the  a t tack  mode. The 
appropriate  weapons management switches are se l ec t ed  iden t i fy ing  weapon type ,  s t a t ion ,  and s i n g l e  o r  
multiple drop. The HUD aiming reticle is pos i t ioned  over  the  ta rge t  by maneuvering t h e  a i r c r a f t  o r  b y  
the  two a l t e r n a t e  HLTD reticle controls. Update of the alignment of the aiming ret ic le  with range 
c losure  is manual ly  accomplished with ei ther  control ler .  Cont inuous aircraf t  azimuth s teer ing commands 
are provided on t he  HUD. The s t e e r i n g  command need only be sat isf ied at  the  release point,  providing 
the  p i lo t  w i th  evas ive  maneuvering capab i l i t y  du r ing  the  a t t ack .  Normal, normal o f f s e t ,  and MV. bomb 
modes are possible  including normal ,  toss  and over the shoulder delivery. Assessment of weapon 
delivery accuracy is defined by a b l a s t  circle w r i t t e n  in t h e  v i s u a l  window upon reacquis i t ion  of t h e  
t a r g e t  area. Select ion of  the enroute  mode provides guidance commands t o  t h e  d e s t i n a t i o n .  The landing 
mode provides HUD, HSI and AD1 s t e e r i n g  commands fo r  an  ILS approach. The v i s u a l  runway scene is pro- 
grammed to appear at  a n  a l t i t u d e  above touchdown of 200 f t .  S e l e c t i o n  of t he  F l igh t  D i rec to r  Computer 
mode provides lead guidance signals f o r  i n t e r c e p t i o n  of t h e  ILS. 
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MARTIN  SPACE  OPERATIONS  INUIATION  LABORATORY 
REPORTING  INSTALLATION:  STATUS  OF FACILITY: Active 
Martin Marietta Corporation COGNIZANT  ORGANIZATIO AL  COMPO ENT: 1 
I P.O. Box 179 Denver,  Colorado  80201 I Advanced Concepts Department (1640) 
OTHER SOURCES  OF  INFORMATION: 
Systems Research Department (1641) "Integrated Maneuvering and Life  Support  System 
LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
G. W. Smith Simulation", Final Report, Apr 1969, MCR-69-184 
Phone: (103) 794-53- 2736 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Space Operations Simulator f a c i l i t y  c o n s i s t s  of f i ve  in t e rdependen t  pa r t s  -- 
t h e  moving base  car r iage ,  the  cont ro l  capsule ,  s imula t ion  ins t rumenta t ion ,  the  test moni tor  s ta t ion ,  and 
the hybrid computational equipment. 
Moving Base Carriage - The Martin Marietta moving b a s e   c a r r i a g e   u t i l i z e s   t h e  "powered" simulation 
approach rather  than the "free-motion" approach. A 90  by 32 by 24 f o o t  room, providing an 8640 cubic 
f o o t  maneuvering volume, houses t h e  moving base which is se rvodr iven  in  th ree  t r ans l a t iona l  axes and 
t h r e e  r o t a t i o n a l  axes. The base of t h e  c a r r i a g e  t r a n s l a t e s  t h e  l e n g t h  o f  t h e  room on t h r e e  rails and 
is d r iven  by fou r  one-horsepower AC motors which engage two gear  racks mounted on the  f loo r .  The 
v e r t i c a l  p e d e s t a l  translates o n  r o l l e r s  and rails l a t e r a l l y  on the  base  s t ruc tu re  and is driven by 
two one-horsepower AC servomotors. The gimballed head located on t h e  f r o n t  o f  t h e  p e d e s t a l  is  sup- 
ported by a set of  nega tor  spr in ts  and counter-balance weight. This system effectively counterbalances 
the weight of the gimballed head and its payload. Two one-quarter-horsepower DC motors, which engage 
two vertical gear racks on the  f ront  of  the  pedes ta l ,  p rovide  the  servo-power f o r  t h e  v e r t i c a l  t r a n s -  
l a t ion .  The gimballed head has been designed to  p rov ide  maximum s a f e t y  and freedom of motion f o r  
t h e  test subject. Motors and gear drives are enclosed in  the  s t ruc ture  of  the  g imbals .  The gimbal 
sequence of r o l l ,   p i t c h  and yaw was  selected because i t  allows a l l  t h r e e  d r i v e  axes to nominal ly  pass  
through the c.g. of t h e  test subject .  Thus, counterbalance and overhanging moment problems  on t h e  
gimbal axes are minimized. Each gimbal is dr iven by a one-quarter-horsepower DC motor. The o v e r a l l  
weight of the moving base  ca r r i age  is 5000 lb.  
MOVING SYSTEM  PERFORMANCE 
Linear Motion Longi tudina l   La tera l   Ver t ica l
Displacement (f t) 60.0 2 6.0 
Velocity (fps) 
2 6.0 
3.0 3.0  3.0 
Acceleration  (fps2)  6.0  3.0 3.0 
Rotary  Motion  Roll  Pitch Yaw 
Displacement  (deg) 2 57.3 2 217.74 f 177.63 
Velocity (degf sec) 114.6  114.6 
Acceleration  (degfsecz) 
114.6 
458.4 458.4  458.4 
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
Cost $250,000 
IMPROVEMENTS AND COSTS: (1963) Faci l i ty  modif icat ions,  Cost  $116,000; (1964-70) Capital  equipment,  
CONTRACTOR: Internal ly   Constructed LOCATION: Denver,  Colorado 
ESTIMATED  REPLACEMENT  VALUE $ Not Available COST  (TYPICAL %HOUR SHIFT): $2,000-4,000 
CONSTRUCTION YEAR: 1961 COST $ Not Avai lable  
I 
'PLANS  FOR  FACILITY  IMPROVEMENTS: New g imbal led  a t t i tude  head  for  the  moving base simulator (increased 
a t t i tude  mot ion ,  var iab le  response) .  
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FACILITY  DESCRIPTION  (CONTINUED) 
Control Capsule - Several control capsules have been i n  opera t ion  in t h e  SOS laboratory; only one, 
however, seems to  p rov ide  adequa te  f l ex ib i l i t y .  This mock-up has a two-man capaci ty  and contains  
s u f f i c i e n t  d i s p l a y  and cont ro l  ins t ruments  to  a l low severa l  types  of  space  miss ion  tests to  be run.  
These tests include both manual and automatic piloting and ground tracking as well as aerial tracking. 
Normally, a f l i g h t  r e q u i r e s  t h e  u s e  of both the out-the-window scene and several instruments. 
SOS Instrumentation - Limb Motion Sensor (LIMS) - For many o f  t h e  manned s imula t ions  (EVA, IVA, 
Ihneuvering Units,  etc.)  it is necessary  to  compute c.g. s h i f t s  and i n e r t i a  changes as a func t ion  of 
l imb posit ion.  Also, i n  t h e  c a s e  of some maneuvering u n i t s  (HHiN, f o r  example) t he  o r i en ta t ion  o f  a 
th rus t  vec to r  relative t o  t h e  test subject ' s  torso must  be known. The LIMS was d e s i g n e d  t o  f i l l  t h i s  
need. By monitor ing the or ientat ion of  each of  the body p ivo t  po in t s  and  knowing the  l eng th  of t h e  
connecting li~kS, the dynamic e f f e c t s  o f  c.g. s h i f t s ,  inertia changes, and self-induced rotations can. 
be computed and introduced properly into the problem. Also, the  or ien ta t ion  and  loca t ion  of t h r u s t  
vectors for s 'imulated handguns can be  computed, using LDLS extensions.  
Load Cell Array - For EVA/IVA simulations where the test sub jec t  is .in contact  with the s imulated space 
s t a t i o n ,  t h e  c o n t a c t  f o r c e s  and moments must be measured i n  o rde r  t o  be  ab le  to  s imula t e  the  problem. 
I n  t h e  SOS f a c i l i t y ,  an a r r ay  of load cells i s  used t o  measure the contact  condi t ions.  The work site 
o r   v e h i c l e  mock-up is mounted on a load-sensing platform which is an e q u i l a t e r a l   t r i a n g l e  with two load  
c e l l s  at  each apex. The load cells are mechanical ly  a t tached to  the p la t form wi th  pa i r s  of  f lexure  
poin ts .  The t o t a l  c o n f i g u r a t i o n  is symmetrical about any axis that con ta ins  the  cen t ro id  and any apex 
of t h e  t r i a n g l e .  
Test  Monitor  Stat ion - Simulator operation is con t ro l l ed  by an engineer  at  t h e  test moni tor . s ta t ion .  
From the  moni tor  pane l  he  has  cont ro l  of  the  servo  power t o   t h e  moving base  and t h e  computer con t ro l  
s igna l s .  Also, a wide range of test points can be monitored. This monitor  s ta t ion provides  another  
safety check on the proper  funct ioning of the s imulator .  The engineer can override the computer and 
remove power from the moving base a t  any time. 
Computational Equipment - The s imula tor  is supported by  two computer systems. One system contains 
four  EA1 231-R computers  loca ted  as  an  in tegra l  par t  o f  the f a c i l i t y .  The o ther  cons is t s  of  a hybrid 
computer i n s t a l l a t i o n  composed of t h r e e  EA1 8800 analog computers, one EA1 d i g i t a l  computer, and one 
FAI 8930 linkage subsystem. 
TESTING  CAPABILITIES: In the area o f  mwed  space  mis s ions ,  the capab i l i t y  exists to study maneuvering 
u n i t s ,  EVA, IVA, space-to-ground  tracking,  space-to-space  tracking,  rendezvous,  and  docking. Also, 
space hardware such as o p t i c a l   r a d a r s  and docking mechanisms can be evaluated.  
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MCDONNELL-DOUGLAS  FLIGHT  SIMULATION  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
McDonnell Douglas Corp., McDonnell A i r c r a f t  Co. 
P.O. Box 516 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Laboratory and Fl ight  Divis ion 
St.  Louis,  Missouri 63166 Dept  251 
OTHER SOURCES OF INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Flight Simulation, Dept  251 
J. P.  Capellupo 
Phone:  (314) 232-7406 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Flight Simulation Laboratory is a uni f ied  labora tory  complex, o r i en ted  p r i -  
mari ly  toward,  but  not  l imited to ,  manned, real-time f l igh t  s imula t ion .  It comprises a hybrid computer 
complex, five crew s ta t ions ,  ( four  f ixed  base  and one motion base), a t e r r a i n  map, horizon displays,  
a i rborne target  displays and associated hardware.  
The f a c i l i t y  c a n  o p e r a t e  two hybrid simulations and several analog simulations (depending on prob- 
lem size)  s imultaneously.  Terrain,  horizon and target  displays can be routed to  any of  the crew 
s t a t i o n s .  
The crew s t a t i o n s  are equipped w i t h  ac t ive  pr imary  and  secondary  f l igh t  cont ro ls  and a c t i v e  f l i g h t  
instruments.  Radar,  heads-up display and other special  displays and controls are provided as required.  
Long term "g" e f f e c t s  are provided by "g" s u i t s ,  "g" cushions and blackout simulation. A wide-spectrum 
noise  generator  is used to provide sound cues of engine rpm, af terburner ,  speedbrake,  skin noise ,  f laps ,  
landing gear ,  buffet ,  t i re contact  and runway rumble. 
HYBRID COMPUTER  COMPLEX: 
D i g i t a l  - The d i g i t a l  computer is a CDC 6600 computer w i t h  98K memory, 10  per iphera l  p rocessors ,  
12 1/0 channels, 2 l ine p r i n t e r s ,  a card reader,  a dual  CRT console, paper tape reader and punch, 
3 magnet ic  tape uni ts ,  6  -210 consoles and a 75,000,000-character  disk f i le .  
Graphics - The graphics system is composed of a CDC 1700 computer with 24K memory, 16  ex te rna l  i n t e r -  
rup ts ,  in te r rupt  da ta  channel ,  a fu l ly  buf fered  da ta  channel ,  a paper  tape s ta t ion,  magnet ic  disk 
t r anspor t ,  6600- t o  1700-channel coupler, 2 d ig ig raph ic  con t ro l l e r s ,  a digigraphics  console ,  and 2 
per ipheral  tonal  scopes.  
ADAGE 784. 
Converters - Analog-digital  and digital-analog conversions are provided by an ADAGE 770 and an 
Analog - The 700 amplifier analog computer system is composed of 3 EA1 (PACE)  231-R, 4 EA1 (PACE) 131-R, 
an Applied Dynamics AD-4, a MILGO 4100 analog computer, and an EA1 350 d ig i ta l  opera t ions  sys tem.  
SPECIAL  SIMULATION HARDWARE:  
Te r ra in  Map - Three dimensional (20 x 40 f t )  1 O O O : l  s c a l e  map used for takeoff,  landing and air-to- 
ground s tudies .  Visual  pickup is an 875-line black and white television system. 
Horizon Generator - An 875-line black and white television system used to produce cloud cover horizon 
i n   t h e  forward 60' f i e l d  o f  view. 
FACILITY  COST  HISTORY 
AVERAGE ESTIMATED  OPERATING CONSTRUCTION YEAR: 1968-69 COST $ 956,000 
CONTRACTOR: Internal ly   Constructed LOCATION: St .   Louis ,   Missouri  
IMPROVEMENTS AND COSTS: (1970) Air-to-air combat simulator,  fixed  base,  Cost  $511,000;  (1970)  Shuttle 
(DEDA), fixed base, Cost $450,000. 
COST  ( YPICAL  8-HOUR SHIFT): $7500 ESTIMATED  REPLACEMENT VALUE $1,917,000 
PLANS FOR FACILITY IMPROVEMENTS: Expand Moving Base  man-rated  performance,  improve a i r  combat v i s u a l  
system. 
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HYBRID COHPUTER  CONPLEX  (CONTINUED) 
Target Simulation - Three 875-line black and white  te levis ion systems used to  generate  a l l -aspect  
ta rge t  d i sp lay .  
Ii4NNED AIR COXBAT SIIWLATOR (MACS) : The MACS is a real- t ime,  f ived base,  two-aircraf t  hybrid s imulator  
t h a t  employs  two p i l o t e d  crew s t a t i o n s  (MACS I and 1UCS 11) with out-the-window displays. These crew 
s t a t i o n s  may be  l inked  toge ther  to  provide  a i r - to-a i r  combat capab i l i t y  o r  used individual ly  for  a i r - to-  
ground combat s tud ies  wi th  an  unres t r ic ted  f ie ld  of  v iew and a l t i t u d e   v a r i a b i l i t y .  
The 20-foot diameter fiberglass domes house cockpits which have been configured as advanced t a c t i c a l  
f i g h t e r  a i r c r a f t .  The cockpi t s  are complete with act ive f l ight  instrumentat ion such as  a three-axis 
a t t i t u d e  d i r e c t i o n  i n d i c a t o r ,  Hach meter, a i rspeed indicator ,  angle-of-at tack indicator ,  rate of climb 
meter, altimeter, and "g" meter. Other instruments and CRT d i s p l a y  c a p a b i l i t y  f o r  r a d a r  and  moving map 
simulations,  as well as warning  l igh ts  and switches,  are ava i l ab le  in the cockpi ts  to  complete  a realis- 
t i c  simulation. 
The manual con t ro l s  i n t eg ra t ed  in to  the  cockp i t s  i nc lude  a two-axis con t ro l  column f o r  i o n g i t u d i n a l  and 
lateral con t ro l  which contains a f e e l  system to provide realistic f o r c e  r e s p o n s e  t o  p i l o t  i n p u t  and rud- 
der  pedals  for  direct ional  control .  Both the longi tudinal  and lateral f e e l  systems can be manually 
trimmed  by the  opera t iona l  t r im swi tch  on the  con t ro l  s t i ck .  A thrott le quadrant and speed brake switch 
provide speed control. 
Physiological cues have been incorporated i n  t h e  crew s t a t i o n s  t o  g i v e  t h e  p i l o t  a d d i t i o n a l  f l i g h t  in- 
formation. These include the use o f  "g" cushions and "g" s u i t s  t o  i n d i c a t e  l o a d  f a c t o r ,  b u f f e t  s i m u l a -  
t ion through high frequency square wave osc i l la t ions  input  to  the  s t ick  servo ,  wide  spec t rum noise  
gene ra to r s  t o  p rov ide  sound cues, and a grayout-blackout simulation by dimming cockpit and out-the-window 
disp lays .  
The h igh  reso lu t ion  Vir tua l  Image P ro jec t ion  System (VIPs) used i n   t h e  forward 60' f i e l d  o f  view of 
the MACS I and 11 crew s t a t ions  cons i s t s  o f  two images (target and horizon)  col l imated near  inf ini ty .  
The VIPs uses  a te lev is ion  moni tor  for  the  hor izon  and ano the r  fo r  t he  t a rge t  image. A two-axis (pitch 
and yaw) beamsp l i t t e r  l oca t ed  in  the  t a rge t  pa th  is used  to  pos i t i on  the  t a rge t  p rope r ly  wi th  r e spec t  t o  
the cockpit .  T h e  horizon monitor and re f lec ted  ta rge t  moni tor  are combined  on a multiplexing beamsplit-  
ter, and the  r e su l t i ng  scene  is collimated through use of a l a rge  beamsp l i t t e r  and spher ica l  mir ror .  
The apparent  range between the target  and at tacker  is simulated using a raster  shr inkage technique.  This  
technique  e lec t ronica l ly  varies t h e  raster image s i z e  w h i l e  r e t a i n i n g  t h e  same number of raster l i n e s   f o r  
t a rge t  r ep resen ta t ion ,  and y i e l d s  a h igh  r e so lu t ion  t a rge t  a t  long range. The r o l l  o r i e n t a t i o n  of t h e  
two a i r c r a f t  is simulated using a rotat ing pr ism.  These funct ions are contained i n  an  e l ec t ron ic  raster 
con t ro l   un i t   w i th in   t he  crew s t a t i o n  room. 
The opt ica l  sys tem used  in  VIPs is n o t  r e s t r i c t e d  t o  t h e  a i r  combat s i t ua t ion .  It can also be used to  
present  a high resolut ion image of  the large-scale  terrain map f o r   u s e   i n  air-to-ground weapon de l ive ry ,  
t akeoff ,  and landing studies. Both land- and carrier-based simulation are ava i lab le .  
When t h e  t a r g e t  is outside the forward 60" con ica l  f i e ld  o f  a MACS cockp i t ,  t he  t a rge t  image is pro jec ted  
on the  in t e r io r  o f  t he  dome by one of two Real Image Projections Systems (RIPS). The gimballed mirror 
pos i t i ons  the  image i n  t h e  c o r r e c t  l o c a t i o n  r e l a t i v e  t o  t h e  crew s t a t i o n ,  and a focus  lens  is posit ioned 
to compensate f o r  v a r i a t i o n s  i n  t o t a l  p r o j e c t i o n  d i s t a n c e .  The r e a l  image projection systems, one on 
each s ide  of  the crew s t a t i o n ,  combine with the v i r t u a l  image projection system to provide complete 360" 
c o c k p i t   v i s i b i l i t y   f o r  MACS crew s t a t i o n s .  
Ai rcraf t  a t t i tude  cues  (hor izon)  are provided outside the forward 60" f i e l d  o f  view by means of a three- 
axis gimballed color horizon generator mounted above and behind t h e  p i l o t ' s  head. This  genera tor  con- 
sists of a servo dr iven  dome, a h i g h  i n t e n s i t y  l i g h t  s o u r c e ,  and a three-axis gimbal system. 
The equipment f o r  s i m u l a t i o n  a i r  combat includes a Control Data Corporation (CDC) 6600 d i g i t a l  computer 
system, one MILGO 4100 Analog Computer, an ADAGE 784 hybr id  in te r face  l ink ,  two separa te  cockpi t s ,  a CDC 
1700 digigraphics display system, and v i s u a l  d i s p l a y  equipment such as cameras, a i r c r a f t  models, and TV 
projec tors .  The r o t a t i o n a l  6-degree-of-freedom equations of motion, euler angles, flight control system, 
t h r u s t  and drag definitions, aerodynamic model, atmospheric model, missile and gun models,  scoring 
models, and v isua l  d i sp lay  dr ive  equat ions  are simulated on t h e  CDC 6600.  The data flow between the CDC 
6600 and the analog computers is dual and is accomplished via the  hybr id  in te r face  l ink .  The order  of  
data flow i s  a n a l o g  t o  d i g i t a l  w i t h  a t ransmission cycle  of 50 mill iseconds.  The data flow between the 
CDC 6600 and CDC 1700 d i g i t a l  computers is s ingu la r  and is accomplished v i a  a 6600 system data channel 
and a 1700 system coupler. The order  of data  f low is 6600 t o  1700 wi th  a t ransmission cycle  of one 
second. 
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MANNED AIR CONBAT SIMULATOR  (MACS)  (CONTINUED) 
TESTING  CAPABILITIES: T h i s  f a c i l i t y  p r o v i d e s  t h e  u s e r  w i t h  a means for  eva lua t ing  the  manned perfor- 
mance of proposed weapon systems. It is used to  evaluate  f l ight  controls ,  cockpi t  arrangement  and 
d i sp lays ,  f i gh te r  gun and missile effect iveness ,  and to  develop new t a c t i c s  f o r  f i g h t e r  a i r c r a f t .  I n  
addi t ion ,  i t  is used to  eva lua te  handl ing  qua l i t i es ,  es tab l i sh  cont ro l  sys tem des ign  goa ls  and t o  
assess dynamic wing and t a i l  loads. 
VARIABLE GEOMETRY SIMULATOR  (VAGES): The VAGES is a real- t ime,  f ixed base s imulator  that  employs  one 
p i l o t e d  crew s t a t i o n  w i t h  out-the-window disp lays .  The p r i n c i p a l  f e a t u r e s  of VAGES are: 
o Enclosed  cockpi t  comple te  wi th  cont ro l  s t icks ,  rudder  peda ls ,  th ro t t les ,  head-up d i sp lay ,  and 
f l igh t  ins t rumenta t ion .  
o A high  reso lu t ion  rear p ro jec t ed  t a rge t  and horizon in  the forward 60" c o n i c a l  f i e l d  of view. 
o A Variab le  S ize  Spot  Pro jec tor ,  for  ta rge t  representa t ion ,  to  g ive  l ine  of s igh t ,  t a rge t  r ange ,  
bank angle, and aspect information when t h e  opponent is not  on the forward screen. 
o A 360" horizon image generator to provide aircraft  at t i tude cues outs ide the forward 60" f i e l d  
of view. - 
The VAGES enclosure houses a cockpit  which has been configured init ially as an F-4, but has mechanical 
and e lec t r ica l  p rovis ions  to  change  internal geometry.  These provisions allow the variation of 
cockpit dimensions and in te rna l  ins t rumenta t ion  to  achieve  f lex ib i l i ty  in  cockpi t  conf igura t ion .  
VAGES uses a rear project ion,  t ranslucent  screen approximately 10 feet  in  f ront  of t h e  p i l o t ,  f i l l i n g  
h i s  forward 60" f i e l d  of  view. Two projection systems, located behind the screens,  are used during air  
combat s imula t i rn  to  p re sen t  the p i l o t  the appropr ia te  d i sp lay .  A TV pro jec to r  is used t o  p r o j e c t  t h e  
horizon image, while a gimballed mirror used in conjunction with a second projector is used t o  superim- 
pose the target image on the screen.  The mir ror  i s  used t o  p o s i t i o n  t h e  t a r g e t  at  the  co r rec t  l oca t ion  
r e l a t i v e  t o  t h e  crew s t a t ion .  During air-to-ground simulation, the horizon projector is used t o  p ro jec t  
an image of the t e r r a i n  map. 
I n  t h e  VAGES, a gimballed spot projector is used t o  i n d i c a t e  t h e  t a r g e t  l o c a t i o n  r e l a t i v e  to t he  crew 
s ta t ion  outs ide  the  forward  60" f i e l d  of view. The size of the projected spot can be changed t o  i n d i c a t e  
range  to  the t a rge t ,  w i th  maximum and minimum diameters of nine inches and one-quarter inch, respec- 
t ively.  Addit ional  spot  projector  cues ,  such as bl inking and color ,  are used t o  g i v e  t h e  p i l o t  t a r g e t  
a t t i tude  informat ion  dur ing  a i r - to-a i r  combat simulation. Gimbal l imi t a t ions  p reven t  spo t  p ro jec t ion  in  
t h e  rear 60" f i e l d  of view. 
Aircraf t  a t t i tude  cues  (hor izon)  are provided outside the forward 60" f i e l d  of view by means  of a gim- 
ba l l ed  p ro jec to r  mounted above and behind the pilot 's head. 
TESTING  CAPABILITIES: T h i s  f a c i l i t y  p r o v i d e s  t h e  u s e r  w i t h  a means for  eva lua t ing  the  manned perfor- 
i mance of  proposed weapon systems. It is used to   evaluate   f l ight   controls ,   cockpi t   arrangement   and  dis-  
p l ays ,  f i gh te r  gun  and missile e f f ec t iveness ,  and to develop new t a c t i c s  f o r  f i g h t e r  a i r c r a f t .  I n  
add i t ion ,  i t  is used to  eva lua te  handl ing  qua l i t i es ,  es tab l i sh  cont ro l  sys tem des ign  goa ls  and to  a s ses8  
dynamic wing and t a i l  loads.  
MOVING BASE SIMULATOR (MBS): The MBS is a real-time, large amplitude, 5-degree-of-freedom motion base 
simulator that employs a s ingle 'p lace  advance  f igh ter  type  cockpi t  wi th  out-of-the-window disp lays .  The 
MBS is a f lex ib le  des ign  too l  used  for  takeoff  and landing ,  handl ing  qua l i t i es ,  p i lo t  induced  osc i l la -  
t ion ,  gus t  and  turbulen t  loading ,  prec is ion  t racking ,  and  te r ra in  fo l lowing  s tudies .  The MBS cockpit  
has  operat ional  controls  and instruments  similar t o  t h o s e  of the f ixed base manned air combat s imula tor .  
The cockpit  is mounted on the end of a 20-foot movable boom which has two ro ta t iona l  degrees  of freedom, 
and the cockpi t  has  three rotat ional  degrees  of  f reedom with respect  to  the end of  the boom.  Boom ro ta-  
t i o n  w i l l  cause the crew s t a t i o n  t o  t r a n s l a t e  i n  t h e  v e r t i c a l  and l a t e r a l  d i r e c t i o n s .  
C r e w  s t a t i o n  motion is produced by hydraul ic  ac tua tors .  A 250-hp e l e c t r i c  motor d r ives  a 150-gpm, 3000- 
p s i  pump which is the  power sou rce  fo r  a l l  motions. One hundred gallons of hydraul ic  f lu id  i s  s t o r e d  i n  
an accumulator to  provide  la rge  t rans ien t  acce lera t ion  requi rements .  The fol lowing table  contains  the 
performance specification of t h e  Motion Base Simulator. 
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MOVING  BASE  SIMULATOR (MBS) (CONTINUED) 
Degrees  of  Freedom . Displacement  Velocity  Accel ration 
Vertical f 10 ft f 16  fps +6 g, -4 g 
Lateral 2 5 ft 5 a fps +1 g 
Pitch f 30" k 170'Jsec 340"  /see2 
Roll f 45" f 3OO"Jsec f 1000' /see2 
Yaw 2 30' 2 120"/sec f 170°/sec2 
The  near-term  studies  planned  for  the MBS do  not  require  the  above  capability;  therefore,the  hydraulic 
pressure  has  been  reduced  to  2000  psi  and  the MBS is man-rated  at  the  following  performance 
specifications: 
Degrees  of  Freedom  Displac mentVelocity  Accel rat on
Vertical f 10 ft 2 13.5  fps +3 g, -1 g 
Lateral f 5 ft 5 6.5 fps f 1 ; o  g 
Roll - + 20" 2 loO"/sec 2 240°/sec2 
Pitch f 30" 5 W/sec 2 3QQ0/sec2 
Yaw f 30" f 30°/sec f 240' /see2 
The MBS is  housed  in a room  approximately 20 ft  wide,  55  ft  long  and 35 ft  high,  adjacent  to  the  hybrid 
computer  facilities. 
The  visual  display  system  employed  on  the MBS is  a 25 inch  television  monitor  viewed  through  a  colli- 
mating  lens.  This  system  affords  the  pilot a 45' field  of  view.  Any of the  visual  display  generators 
may  be  "patched  in"  into  the MES visual  system  for  pilot  viewing. 
TESTING  CAPABILITIES:  This  facility  is  used  for  extensive  tests  and  evaluations  of  advanced  tactical 
fighter  and  spacecraft  designs.  The  moving  boom  concept  offers  the  structural  rigidity  required  for 
simulating  high  performance  aircraft  as  well  as  permitting  unobstructed  out-of-the-window  vision. 
Evaluations  made  cover  handling  and  flying  qualities,  flight  control  system,  trim  control  system  and 
power  control  systems. 
SPACE  SHUTTLE  FIXED  BASE  SIMULATOR:  This  simulator  operates in real  time,  and  employs  a  two-place  crew 
station  with  out-the-window  displays. It is  a  flexible,  closed-loop  test  bed  used  for  the  following 
engineering  design  analyses: 
o Evaluation  of  instruments  and  displays 
o Subsystem  management  studies 
o Human  factors  studies 
o Preliminary  flight  controls  evaluation 
o Development  of  software  requirements  for  onboard  computer 
o Testing  of  vendor  hardware 
The  pilot's  station  has  a  full  complement  of  electromechanical  and  electronic  displays  and  instruments 
for  simulating  all  mission  phases. The co-pilot's  station  contains mock displays  and  instruments. 
Active  flight  instrumentation  includes  an  attitude  direction  indicator,  a  horizontal  situation  indicator, 
engine  rpm  and  fuel  gages,  "g"  meter,  angle-of-attack  indicator,  rate-of-climb  indicator,  and  altimeter. 
Mode  switches  have  been  provided  for  autopilot,  stability  augmentation  system,  and  reaction  control  modes 
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SPACE SHUTTLE FIXED BASE SIMULATOR (CONTIh'7JED) 
The manual con t ro l s  i n t eg ra t ed  in to  the  cockp i t  cons i s t  o f  a two-place, two-axis con t ro l  s t i ck  ( long i tu -  
d ina l / l a t e ra l ) ,  rudde r  peda l s ,  a three-axis hand c o n t r o l l e r  and a three-axis  t rans la t iona l  cont ro l le r .  
Both the  long i tud ina l  and lateral feel systems can be manually trhmed by an operat lonal  trim switch. 
Thro t t l e s  and speed brakes are provided  for  ve loc i ty  cont ro l .  
This simulator employs a rear-projection, real-image, out-the-window display system, providing the 
p i l o t  w i t h  a forward 60" f i e l d  of view. The horizon generator I s  used t o  g i v e  t h e  p i l o t  a t t i t u d e  c u e s  
du r ing  bo th  o rb i t a l  and atmospheric fl ight simulations and the t e r r a i n  map and t r a n s l a t o r  a r e  used for 
landing simulations. Orbital rendezvous and docking simulations have been performed using a t a rge t  
tunnel  setup similar t o  t h a t  used for  a i r - to-a i r  combat. 
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FACILITY  LAYOUT 
Proposed Flight Simulator Facility 
CONSOLIDATED ST. LOUIS LABORATORY MASTER PLAN/hby 1970 
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MCEONNELL  DOUGLAS  HOUSTON  OPERATIONS  IMULATION  FACILITY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
McDonnell Douglas Corporation COGNIZANT ORGANIZATIONAL  COMPONENT: 
McDonnell Douglas  Astronautics Co. I Houston  Operations,  Dept E931 
16915 E l  Carnino Real - 
I 
OTHER SOURCES  OF  INFORMATION: 
Houston,  Texas 77058 
I LOCAL OFFICE TO CONTACT  FOR  INFORMATION: 
Houston Operations, Dept E931 
M. E. Fowler 
Phone: (713) 488-5660 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Houston Operations hybrid simulation laboratory is a genera l  purpose  d ig i ta l  
and hybrid computation and simulation facil i ty.  The pr imary  objec t ive  of  the  ins ta l la t ion  is the engi- 
neer ing support  of Apollo-. and Skylab-related contractual work performed by McDonnell Douglas Astro- 
n a u t i c s  Company f o r  NASA/MSC with emphasis on real-time man-in-the-loop simulation of portions of 
manned spacef l ight  missions.  The g e n e r a l  f a c i l i t y  c o n s i s t s  o f  a d i g i t a l  and analog computer, with ana- 
log interface equipment ,  and an on-l ine conversat ional  graphics  terminal .  Work performed under the 
Command Module Docking Simulation (CMDS) contract  has  enabled the addi t ion of  a crew s t a t i o n  mock-up and 
a model tunnel  wi th  te lev is ion  camera and  screen  for  out-the-window disp lays .  
The f a c i l i t y  is capable of operating one hybrid simulation, and when n o t  sd u t i l i z e d ,  p e r f o r m s  d i g i t a l  
computation for engineering and adminis t ra t ive  suppor t  o f  the  Hous ton  opera t ions  fac i l i ty .  
The crew s t a t i o n  is equipped with the command astronaut 's  couch,  together  with suff ic ient  actfve dynamic 
c o n t r o l s  t o  a f f e c t  t h e  CMDS procedural sequences. 
HYBRID COMPUTER COMPLEX: 
D i g i t a l  - The-digital computer is a CDC 3200 with 32K memry, ca rd  r eade r ,  l i ne  p r in t e r ,  conso le  
typewri ter ,  two Model 8 5 3  d i s c  u n i t s ,  and one Model 608 tape  uni t .  
Converters - Analog-digital and digital-analog conversions are provided by an ADAGE 660 linkage. 
Analog - The 48-amplifier analog computer system is provided by an EA1 (PACE)  131-R. 
Graphics - The graphics system is comprised of required sof tware to  enable  generat ion of dynamics 
d isp lays  on a 21-inch CRT. Conversation is performed  using  the CDC 3200 console typewriter.  Two 
a d d i t i o n a l  CRT's a lso receive the computer-generated graphics  output .  Modif icat ions are c u r r e n t l y  
i n  p r o g r e s s  t o  implement hardware-generated alphanumerics. 
COMMAND MODULE DOCKING SIMULATOR: The Command Module Docking Simulator provides six-degree-of-freedom 
s imula t ed  spacec ra f t  r e l a t ive  motion. A f ixed  base  crew s t a t i o n  is equipped with translation and 
r o t a t i o n a l  c o n t r o l l e r s  and F l igh t  D i rec to r  A t t i t ude  Ind ica to r  d i sp l ays .  Out-the-window visual  docking 
cues are provided by a c losed-c i rcu i t  t e lev is ion  sys tem.  The s imulat ion is generated by a hybrid com- 
puter system. 
The equipment fo r  s imula t ing  r e l a t ive  spacec ra f t  and target  motion includes a Control Data Corporation 
(CDC) 3200 d i g i t a l  computer system, an EAI 131-R Analog Computer, an ADAGE 660 h y b r i d  i n t e r f a c e  l i n k ,  a 
crew s t a t i o n ,  and high resolut ion visual  display equipment;  such as the  TV camera, target  model ,  and 
cathode ray tube (100-line) monitor. The analog computer is used predominantly as a control  device.  
FACILITY COST HISTORY 
AVERAGE ESTIMATED  OPER ING  CONSTRUCTION YEAR: 1968 COST $ 31,500 
COST (TYPICAL 8-HOUR SHIFT): $1300 ESTIMATED REPLACEMENT VALUE $750,000 
CONTRACTOR: Internal ly   Constructed LOCATION: Houston,  Texas 
IMPROVEMENTS AND COSTS: (1968)  Simulation  Equipment,  Cost  $10,000;  (1969)  Simulation Equipment p lus  
computer r e n t a l ,  Cost $173,000;  (1969)  Laboratory  Equipment,  Cost  $6500;  (1970)  Simulation Equipment 
plus computer r e n t d ,  Cost  $202,000;  (1970)  Laboratory  Equipment, Cost $7000. 
PLANS FOR FACILITl IMPROVEMENTS: Add CDC 3200 i n t e r f a c e  f o r  110 d iscre tes ;  charac te r  genera tor  fo r  
graphics terminal; oscilloscopes and plug-in. 
-" 
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COPMAWl MDULE DOCKING SIMLATOR  (CONTINUED) 
The d i f f e r e n t i a l  g r a v i t y  and ro ta t iona l  equat ions  of  mot ion ,  th rus t  force  def in i t ion ,  cont ro l  sys tems 
models, performance measurement parameters, aid visual display drive equations are simulated on the 
CDC 3200. The data flow between the CDC 3200 and the analog computer is dual and i s  accomplished via 
the  hybr id  in t e r f ace  l i nk .  
TESTING CAPABILITIES: T h i s  f a c i l i t y  i s  used for support  of docking performance definit ion,  control,  in- 
f l i g h t  o p e r a t i o n s ,  and hardware studies. For example, it has been used to  demonstrate  the feasibi l i ty  
of docking with inhibi ted thrusters  and to  provide support  data  for  s tudies  of  thruster  plume impinge- 
ment and contamination during docking approach. 
APOLLO  TELESCOPE MOUNT SOFTWARE SIMULATOR  (ATMSS): The ATtlSS complex inc ludes  a Control Data Corpo- 
r a t i o n  (CDC) 3200 d i g i t a l  computing system, an EAI 131-R analog computer, an ADAGE 660 hybr id  in t e r f ace  
l i n k ,  and a crew s t a t i o n  as represented by se lec ted  panels  of  the  An1 Control and Display (C&D) console. 
Al functional system and ATNSS executive mechanics are simulated on the CDC 3200. The analog computer 
is used primarily as an  in t e r f ace  con t ro l  dev ice  wh i l e  t he  ADAGE 660 provides  the data  f low between the 
CDC 3200, t he  EAI 131-R and t h e  crew s t a t i o n .  The ATMSS crew s t a t i o n  c o n t a i n s  a c t i v e  ATM C&D panels  
which inc lude  the  Dig i t a l  Address System (DAS) keyboard and monitor counter,  the Atti tude Control 
System (ACS) cont ro l  pane l ,  the  Honi tor  pane l ,  and the  Alert Light panel.  
SOFlWARE DESCRIPTION: The ATMSS Real Time Executive Software (RTES) con t ro l s  t he  ATEISS operation and 
timing. In  add i t ion ,  t he  RTES decodes ,  ver i f ies ,  and  s tores  the  DAS commands; processes  the  C&D panel  
switch and flag discretes;  and scales the  C&D panel  output  parameters  for  display.  The f u n c t i o n a l  
system software includes ATMSS i n i t i a l i z a t i o n ,  A " D C  primary navigation, Saturn Vorkshop (SVWS) c o n t r o l  
modes and maneuvering logic,  strapdotm references and sensor (acquisit ion sun sensor,  rate gyros, and 
s t a r  t r a c k e r )  dynamics, the Control Moment Gyro (CMG) a t t i tude  cont ro l  sys tem,  the  Thrus te r  At t i tude  
Control System (TACS), BIG momentum management software, environmental torque dynamics, and rigid body 
v e h i c l e  dynamics. . 
SIMIJLATOR  CAPABILITIES: The A T t l S S  w i l l  be  used to  both introduce and fami l ia r ize  the  Skylab  as t ronauts  
with the ATMsoftware system and thus to evaluate the manlmachine in t e r f ace .  The results of  these 
evaluat ions w i l l  be  used  to  iden t i fy  areas of  operat ional  incompatibi l i ty  between the f l ight  sof tware 
and t h e  f l i g h t  crew. The ATMSS will also be used to develop and verify Skylab A a t t i t ude  con t ro l  sys -  
tem in - f l i gh t  ope ra t ion  and procedures. 
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FACILITY LAYOUT 
t 0 Beta Building Room Identification Suite 130 
(iJ office 
@ Office Area 
@Simulation Operations 
(@ CMDS Room 
@ Storag 
0 Computer  Room 
@ AThsSArea 
12 Simulation Work Area 
13 Key Punch 
14 Model Tunnel 
@ Enhance 
@ Rear Entrance (to Building) 
@ Stairs (to Second Floor) 
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OPERATIONAL DIAGRAM 
I 
Digital Computer Interface Console Disaetes 
(CDC 3200) (ADAGE 660) r"- 
( E A 1  131-R) I 
Apollo Blodc I1 Controller  Outputs and  Switch Discretes 
Rotational Hand 
Conlmller Crew Station 
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MCDONNELL  DOUGLAS  YSTEMS  IMLKATION LABORATORY 
REPORTING  INSTALLATION: STATUS  OF  FACILITY: Active 
McDonnell Douglas Corporation 
Department 270 3855 Lakewood Blvd. 
F l i g h t  and Laboratory Development Douglas Aircraft Company 
COGNIZANT  ORGANIZATIONAL COMPONENT: 
OTHER SOURCES OF INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
Systems Simulation 
W. Comley (MS 41-34) 
Phone:  (213) 593-3912 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Systems Simulation Laboratory occupies 5400 s q u a r e  f e e t  i n  t h e  F l i g h t  and 
Laboratory Development Center. The area has a r a i s e d  f l o o r  and accomodates a l l  of the computing equip- 
ment, both analog and digital, used in support  of the development cockpit  simulators.  A l a r g e  v a r i e t y  of 
a n a l y t i c a l  s t u d i e s  are supported as w e l l  as t h e  real-time, closed-loop simulation studies. 
The equipment complement of  the s imulat ion laboratory is composed of  the latest and most up-to-date 
systems. A l a r g e  complement of cockpit and display system interfacing equipment is also included.  
HYBRID COMPUTING SYSTEM: The hybrid computing faci l i ty  is composed of  the  following  elements: An 
X D S  SIGMA 5 d i g i t a l  computer with 32K words of core memory. The standard per ipherals  associated with 
this system are: one card reader ,  one card punch,  one high speed l ine pr inter ,  one 3.5 Megabyte high 
speed disk, and two t ape  dr ives .  A s m a l l  C C I  alphanumeric graphic display CRT i s  used f o r  normal 
communications. 
The in te r face  sys tem is an Astrodata COMCOR C I  510 with 32 channels of A I D  and 32 channels of D/A 
conversion. - 
The analog system is a COMCOR C I  5000 wi th  192  d ig i ta l ly  cont ro l led  a t tenuators .  
ANALOG FACILITIES: Analog f a c i l i t i e s  c o n s i s t  o f  2 MILGO 4100's, 7 C I  175's and 2  Beckman 2132's. 
The combined a n a l o g  f a c i l i t i e s  show a t o t a l  i n  e x c e s s  o f  2500 opera t iona l  ampl i f ie rs .  
SPECIAL INTERFACING EQUIPMENT: Several  cabinets  are provided which contain special  patch bays for  
f lexible  interconnect ion of  var ious systems,  and in  addi t ion,  contain the special  interface equipment ,  
such as 400 Hz modulators and demodulators l i n e  d r i v i n g  a m p l i f i e r s ,  d e l a y  l i n e s ,  and s p e c i a l  d i s p l a y  
devices. These cabinets are a l so  the  te rmina t ion  of  over  500 t runks to  associated laborator ies  where 
several  cockpi t  s imulators  are located. Al computing support to  such cockpi ts  i s  provided by the  
s imulat ion laboratory.  
VISUAL  DISPLAY  SYSTEM: Visua l  d i sp lay  to  the  cockpi t  s imula tors  is provided by means of 24-inch color 
te levis ion monitors  and col l imat ing lens  systems aff ixed to  the cockpi ts  for  presentat ion of  the forward 
view for  bo th  p i lo t  and  co-p i lo t .  The p i c t u r e  is generated by a Redifon Visual System consisting of a 
42 x 1 6  f o o t  s o l i d  model and a 6-degree-of-freedom servo controlled color camera system. A unique 
fea ture  of  the  sys tem is its scale fac tor  of  750: l .  This  choice  of  sca le  provides  an  except iona l ly  h igh  
qua l i ty  p re sen ta t ion  fo r  an  approach  o f  2.4 miles. 
FACILITY  COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
CONTRACTOR: In te rna l ly   Cons t ruc ted  LOCATION: Long Beach,  California 
ESTIMATED  REPLACEMENT  VALUE $2.500.000 COST  ( YPICAL 8-HOUR SHIFT): $4.000 
CONSTRUCTION YEAR: 1969-70 COST $Not Available 
added,  Cost  $510,000. 
IMPROVEMENTS AND COSTS: (1969)  Hybrid  system  added,  Cost  $1,300,000;  (1970)  Redifon visual  system 
PLANS  FOR  FACILITY  IMPROVEMENTS: Expand c a p a b i l i t y  o f  d i g i t a l  p a r t  of hybrid system. 
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FUNCTION  GENERATION: Function  generation  capability  includes  a  stand  alone  system  of 12 card set  func- 
tion  generators  and  a  digital  function  generating  system  capable  of  providing 32 functions  of 24 
arguments.  These  may  be  functions  of  either  one, two or  three  variables. This system,  the AMFG 101, by 
Basic  Computing  Arts  utilizes  an 8K core  mini-computer in a dedicated  mode. It is  equipped  with 24 
A-to-D  and 32 D-to-A  converters.  One  half  of  the  latter  are  multiplying  DAC’s.  The  system  may  be  used 
to  support  several  independent  simulations. 
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FACILITY LAYOUT 
Not  Available 
OPERATIONAL DIAGRAM 
Digital 
Generator - & Peripherals Digital Analog - ADDA - Computer - - AIdFG 101 SIGIllA 5 Beckman Beckman - Patch - CI 510 Function CI 5000 + 2132  2132 - Bay - 
Redifon 1 v 1  
Visual System F .) To Conlrols Lab Cockpil Simulalors 
Laboratory 
Central - b To 1000 Channel  Data System 
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Expansion 
System 
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NASA AMES FLIGHT  SIMULATORS 
REPORTING  INSTALLATION: STATUS  OF  FACILITY:  Active 
National  Aeronautics  and  Space  Administration 
Simulation  Sciences  Division Moffett  Field,  California  94035 
Director  for  Aeronautics  and  Flight  Mechanics Ames  Research  Center 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Phone: (415) 961-1111 
George A. Rathert,  Jr.,  MS  N-210-7 
Chief,  Simulation  Sciences  Division 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION:  Ames  Research  Center's  Flight  Simulator  facilities  are  housed  in  two  laboratory 
areas.  (a) The  Flight  Simulation  Laboratory  which is a  converted  airplane  hangar  equipped  with  various 
human-rated  piloted  simulation  devices,  visual  display  generators,  a  computer  complex,  and  shop 
facilities. (b) The  Flight  and  Guidance  Simulation  Laboratory  is  a  large  building  equipped  with 
several  fixed  and  motion  base  devices  plus  a  computer  laboratory  and  shop  facilities.  Some  of  the 
equipment  operated  by  the  Simulation  Sciences  Division  is  described  below: 
COMPUTER  EQUIPMENT:  A  wide  range  of  analog  and  digital  computers,  interfacing,  conversion,  and  readout 
equipment is available  for  most  simulation  problems. 
VISUAL  DISPLAY  SYSTEMS: 
Visual  Flight  Attachment I1 - This  visual  system  provides  the  pilot  with  a  color  or  black  and  white 
representation  of  a  visual  scene  as  would  be  observed  during  approach,  landing,  takeoff,  and  taxiing 
exercises  under  varying  lighting,  cloud,  and  visibility  conditions,  by  means  of  a  closed-circuit 
television  system.  The.maximum  field  of  view  possible  is  46"  horizontally  by  38"  vertically.  This 
' system  is  driven  by  an  electrical  servb-position  system  and  has  variable  scale  capability  from  1:600 
to  1:2000  by  changing  the  model  runway  length.  The  television  characterigtics  are  as  follows: 
Scan  lines - 525;  Field/Frame  Rate -- 60/30; Color  (Vidicon/Plumbicon) -- RGB;  EIA  Resolution 
(Vertical) -- Approximately  360  lines;  EIA  Resolution  (Horizontal) - Approximately  450  lines; 
Model  Resolution - 10 lines  per  degree  from  25  feet  altitude  to  750  feet  at  a  range of from  200 
to  3000  feet. 
SCENE  MOTION  SYSTEM  PERFORMANCE 
Linear  Motion Lateral  Vertical Longitudinal 
Displacement (f t) 35 
.42 .75 .52 Frequency* (Ez) 
.45 .24 .8 Acceleration (f  t/sec2) 
.5 .093 .53 Velocity (f  t/sec) 
k 4.5 .014 to  1.25 
Rotary  Motion  Roll Pitch Yaw 
Displacement  (deg) f 100 f 20, -30  +70, -25 
Velocity  (deg/sec) 114.6 171.9 19.1 
Acceleration  (deg/sec2) 
.8 8.5 1.7 Frequency* (Ez) 
114.6 916.8 240.6 
*At 30' Phase  lag 
FACILITY  COST  HISTORY 
AVERAGE  ESTIMATED  OPERATING 
IMPROVEMENTS  AND  COSTS: 
CONTRACTOR:  Not  Available  LOC TION:  Not  Available 
ESTIMATED  REPLACEMENT  VALUE $ Available COST  (TYPICAL  8-HOUR  SHIFT):  Not  Available 
CONSTRUCTION  YEAR:  Not  Avail.  COST $ Not 
Not  Available 
PLANS  FOR  FACILITY  IMPROVEMENTS:  Modifications  are  being  made  continuously  to  these  devices  and  their 
specifications  are  subject  to  change.  Staff  personnel  are  available  for  consultation  with  prospective 
experimenters  to  assist  with  planning a d scheduling  of  their  experiments. 
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VISUAL  DISPLAY  SYSTEMS  (CONTINUED) 
Visual Flight Attachment I11 - A servo-driven te levis ion camera with five degrees of freedom, together 
with a l igh ted  model runway on a moving bel t  ( the s ixth degree of  f reedom),  is used to  acquire  a v i s u a l  
scene of landing approach below a 350-foot ceiling. The motion systems are controlled through a 
general-purpose computer which has been programmed t o   a c c o u n t   f o r   v e h i c l e  dynamic r e s p o n s e   t o   p i l o t  
control  inputs .  The p i l o t  may be presented with a pro jec ted  or  moni tor  image  as  a v i s u a l  a i d  in 
fPxed- o r  moving-base simulators. This system is van-mounted for semi-mobility. 
SCENE MOTION SYSTEM  PERFORMANCE 
Linear  Motion I Longitudinal I Vertical i Lateral 1 
Displacement  (ft)* 
.88  1.80 "- Frequency (Hz)** 
-I "- "- Accelerat ion  ( f t /sec2)  
.33  .5 .5 Veloc i ty   ( f t l sec)  
2 250 350 15,000 
Rotary Hotion Ro 11 P i t c h  Yaw 
Displacement  (deg) k 30 2 15 - f 30 
Veloc i ty   ( f t l sec)  63 63 
Accelerat ion  ( f t /sec2)  
114.6 
Frequency (Hz) 
*At scale of  1:300 **At 30' Phase  lag 
-" -" 
.24 
" 
.3 .2 
Visual Flight Attachment IV - This  visual  system consis ts  of a moving b e l t  model of an a i r f i e l d  
together  with an electrical servo  pos i t ioner  provid ing  var iab le  rate i n p u t s  t o  t h r e e  l i n e a r  d r i v e s .  
This  visual  system provides  the pi lot  with a co lor  representa t ion  of  a v isua l  scene  as would be 
observed during approach, landing, takeoff,  and taxiing exercises under varying l ighting, cloud, and 
v i s i b i l i t y  c o n d i t i o n s ,  by means of a closed-circui t  te levis ion system. The maximum f i e l d  of v i e w  
poss ib l e  is 48" ho r i zon ta l ly  by  39" ve r t i ca l ly .  Sca le  of the  scene  can be var ied by changing  the  be l t  
model.  Normal  runway length  a t  a scale of 1':2000 is 10,000 feet .  The t e l e v i s i o n  c h a r a c t e r i s t i c s  are 
as follows : 
Scan l i n e s  -- 6261525; FieldIFrame Rate -- 50125 and 60130; Color (Plumbicon -- RGB); E U  
Resolution (Vertical)  -- Approximately 450 l i n e s ;  EIA Resolution (Horizontal) -- Approximately 
550 l i n e s ;  Model Resolution -- 14 l ines  per  degree from 50 f e e t  a l t i t u d e  t o  2000 feet a t  
ranges of 250 f e e t  t o  5000 f e e t .  
SCENE MOTION SYSTEM PERFORMANCE 
Linear  Motion  Lateral  Vertical Longitudinal 
Displacement (f c j 30 
Frequency (Hz) 
1.65 .5 1.62 Acceleration  (f   t /sec2) 
.55 .233 .62 Veloci ty   ( f t /sec)  
f 3.5 .006 - 1.0 
Rotary Motion Ro l l   P i t ch  Yaw 
Displacement  (deg) f 170 f 25 f 170 
Velocity  (deg/secj 744.9 200.55 641.76 . 
Acceleration  (deplsec2) 
Frequency  (Hz) 
491.38  5730 
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SPECIAL  SIMULATION  EQUIPMENT: 
Hydraulic Control Loader System - There are four systems of this type which are used t o  s i m u l a t e  
the  " fo rce  f i e ld"  o f  a i r c ra f t  f l i gh t  con t ro l s .  Pe r fo rmance  o f  t h i s  sys t em is out l ined  below. 
I Nominal  Nominal Coulomb viscous Charac t e r i s t i c s  * I Deflection1  Force Range I I n e r t i a  F r i c t ion   F r i c t ion  
I 
Late ra l  (Wheel) 2 80" 
** - c 85 l b  Directional  (Rudders) 1 f 4 in. 
5 1 0   l b  0-1.0 lb/deg/ .01 - .1 l b /  90 l b  9 in. Aft Longitudinal (Column) 
0-0.3 lb/deg/ I 5 5 l b  .001 - .03 l b /  - < 80 l b  
** 5 20 l b  
deg/sec2 
sec in .  / sec2 5 i n .  Fwd 
sec  
1 
~ 
Hydraulic  Servo  Response: 2 cps   p i lo t -cont ro l led   osc i l la t ion   wi thout   loss   o f   force  when the  amplitude 
of t h e  o s c i l l a t i o n  is f 25% fu l l - sca le  about  the  trim s e t t i n g .  I 
* Deflection and force measured at  p i lo t ' s  t ouch  po in t s .  The above charac te r i s t ics  a re  dependent  upon 
the mechanical l inkage system used, operated with 1200 ps i  hydraul ic  pressure .  However, the  typical 
linkage system used a t  Ames i n  s i m u l a t o r s  f o r  l a r g e  t r a n s p o r t  aircraft does  r e f l ec t  t he  above values,  
which are then only dependent upon the  con t ro l  l oade r  computer variables. 
**Information not available a t  t h i s  time. 
Control Loader Computer Variables (Each Axis): Scale and Rate, Preload, Cable Stretch, Trim (Auto- 
p i l o t  I n p u t ) ,  I n e r t i a ,  and F r i c t ion  
Possible Options: "Boost-off" conditions due to Mach number, f l ap  pos i t i on ,  dynamic pressure ,  etc. 
Ai rc ra f t  Sound Simulators - Simulation of sounds heard i n  a i r c r a f t  c o c k p i t s  is provided by the Ames 
Aircraft Sound Simulators. Al sounds can be  ind iv idua l ly  ad jus t ed  fo r  qua l i t y  and in t ens i ty .  
Frequency-dependent sounds (such as impeller whine) can be set for  the  requi red  engine  s imula ted .  
Al sounds  reaching  the  p i lo t ' s  ears are dependent upon simulator construction and speaker location. 
The fol lowing character is t ic  sounds can be generated.  
SOUND CHARACTERISTICS: 
Turbojet  engines (4), exhaust roar and impeller whine.  . . . . . .  RPM, i d l e  t o  1 0 0 % / o r  t h r o t t l e  p o s i -  
t ion (forward and r e v e r s e  t h r u s t )  
Turboprop engines (4), exhaust  roar ,  f ixed-pitch . . . . . . . . .  RPM,  i d l e  t o  100%/or  th ro t t l e  pos i -  
noise,  and turbine whine t ion (forward and reverse thrust)  
Afterburner  roar  . . . . . . . . . . . . . . . . . . . . . . . . .  Afterburner  igni ted 
Air h i s s  and runway rumble . . . . . . . . . . . . . . . . . . . .  Airspeed 
Knock and a i r  flow . . . . . . . . . . . . . . . . . . . . . . . .  Landing gear down and locked (3 
each) 
Thud and  rumble . . . . . . . . . . . . . . . . . . . . . . . . .  Landing gear wheels h i t  runway 
(2 each, main) 
Runway rumble. . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight on wheels 
Air h i s s  ( i n t e r i o r ) .  . . . . . . . . . . . . . . . . . . . . . . .  Air Conditioning system rate 
INPUT/OuT  CHARACTERISTICS: Al so l id - s t a t e  c i r cu i t ry  a l lowing  2 100 M C  analog inputs.  Stereo operation, 
(i.e., two speaker system, balance control)  50-watts, peak-to-peak output  capabi l i ty .  
SOUND EVALUATION  TECHNIQUES: Tape input  capabi l i ty  connec ted  to  sound s imula tor ' s  ou tput  c i rcu i t ry  for  
comparison checks. 
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SPECIAL  SIPIULATION EQUIPMENT (CONTINUED) 
Portable  Chairs  - Six  por tab le  cha i rs  are a v a i l a b l e  f o r  r e s e a r c h  o f  f l i g h t  programs i n  which 
motion i s  not an informative cue or for check-out of program p r i o r   t o   u s e  of moving base s imulators .  
They may also be used to determine optimum instrument-panel arrangement. Hand o r  hand-and-foot con- 
t r o l s  may b e  f i t t e d .  The instrumentation can include externally-generated displays or star f i e l d s ,  
an approach and landing scene, or cathode-ray-tube-presented instrument readings. Four of these  
cha i r s  may be  comple te ly  enc losed  to  i so la te  the  p i lo t .  
SIMULATOR SYSTEM: 
Five-Degree-of-Freedom Motion Generator - Consis ts  of a swinging arm with a choice of two cabs, one 
s imulat ing a space  vehic le  and the other  s imulat ing an aircraf t  cockpi t .  Motion i s  provided by Mard- 
Leonard Elec t r ica l  Servos  and torque motors  which dr ive through s i lent  chain or  wire rope onto 
rubber-faced sectors or grooves.  An Analog Computer provides closed-loop operation and may be pro- 
grammed to present  vehicle  systems malfunct ion.  Shutdown c a p a b i l i t y  i s  provided a t  s e v e r a l  s t a t i o n s  
and electrical and e l e c t r o n i c  c i r c u i t s  are used to limit acce le ra t ions ,  ve loc i t i e s ,  and displacement. 
Brakes are energized-to-release for  fa i l -safe  operat ion.  A qual i f ied  phys ic ian  moni tors  subjec t  or  
p i lo t  phys io logica l  func t ions  dur ing  opera t ions  requi r ing  rad ia l  acce le ra t ion  exceeding  2 g's. Cab 
Number 1 is  f i t t e d   f o r  high-g simulations and accommodates one man with body-restraint  seat ing,  a 
hand-operated control ler ,  and f l ight  instrumentat ion as required.  A c losed-c i rcu i t  t e lev ised  v i e w  of 
t h e  s u b j e c t  is usual for monitoring purposes.  Cab  Number 2 has seating, instrumentation, and controls 
fo r  one  p i lo t ,  t yp ica l  o f  a i r c ra f t .  Te lev i sed  d i sp lays  are available.  Using Cab  Number 1, space 
vehicle  launch or  re-entry and physiological  evaluat ions may be made. Cab  Number 2 provides  for  
e v a l u a t i n g  a i r c r a f t  h a n d l i n g  q u a l i t i e s  and control systems. 
MOTION SYSTEN  PERFORMANCE 
A m  Arm I Longitudinal I Vertical I Lateral 1 (Radial) (Tangential) 
Displacement  (f t) 
Veloci ty   ( f t /sec)  
None 1 2  None 
.5 Frequency f! 20' Phase Lag (Hz) 
f l  Accelerat ion (9's from normal) 
16 
Rotary  Motion  Roll  Pitch Yaw 
Displacement  (deg) 2 360 f 52 5 180 
Velocity  (deg/sec) 460 115 
344 1030 Acceleration (deg/seca) 
115 
.35  .88 .64 Frequency @ 20' Phase Lag (Hz) 
344 
- 
Arm 
6 
Unlimited - - 
2 1  
Onset - 1.5 g/sec - 
Arm 
(Radial)  (Tangential) 
- - 
- 143 - - 
- - 
Fl ight  S imula tor  for  Advanced A i r c r a f t  (FSAA) - Provides a p i lo ted  t ranspor t - type  cockpi t  which can be 
a l t e r ed  to  s imula t e  va r ious  types of Advanced Aircraft concepts. The cockpi t  module i s  mounted on a 
six-degree-of-freedom motion platform which is a permanent par t  of  the s imulat ion system. Other  sub- 
systems include the computer, sound system, and an out-the-window visual  system. 
The motion system is d r i v e n  e l e c t r i c a l l y  i n  a l l  degrees of freedom. Two t r a c t o r s  move the s imulator  
l a t e r a l l y  by means  of toothed timing chains which engage a rubber-faced track. Three  cont inuous  ba l l  
screws raise and lower the ver t ical  platform which is f l o a t e d  on a system of pneumatic equilibrators 
to  unload the screw drive.  The longi tudina l  mot ion  sys tem r ides  the  top  of t h e  v e r t i c a l  p l a t f o r m  and 
carries the cockpit  and gimbal systems fore and aft. A s i n g l e  b a l l  s c r e w  d r i v e s  t h e  l o n g i t u d i n a l  
p la t form  wi th   the   load   taken   on  the bal l -bear ing la the- l ike ways mounted on the   ve r t i ca l   p l a t fo rm.  
The three angular motions are provided by relatively conventional chain-drive gimbals.  
The visual  display system consis ts  of  a 12 x 40 f t  model which i s  t e l e v i s e d  i n  c o l o r  and pro jec ted  on 
a s c r e e n  i n  f r o n t  of the cockpit  which the pilot  views through a col l imat ing lens .  The p i c t u r e  h a s  
the conventional 525 l ines  scanned 30 times a second, and covers 48 deg  hor izonta l  and 36 deg v e r t i c a l  
as seen  f rom the  p i lo t ' s  seat. 
A hybrid digital-analog computer provides closed-loop operation. It consis ts  of  an EA1 8400 d i g i t a l  
computer, and 64 channels each of analog-to-digital and digital-to-analog conversions which connect 
t he  EA1 8400 t o  a u x i l i a r y  equipment such as analog computers and cockpit instruments. 
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SIMULATOR  SYSTEMS  (CONTINLTED) 
The FSAA is u s e d  f o r  s t u d i e s  o f  s t a b i l i t y ,  loading., and re la ted  t ranspor t - type  a i rc raf t  handl ing ,  
control systems and crew tasks. 
MOTION SYSTEM  PERFORMANCE 
Linear  Motion  Lateral  Vertical Longitudinal 
Displacement ( f t )  r 4  
6.32 Veloci ty   ( f   t / sec)  
f 50 f 5  
1.0 2.2 1.8 Frequency @ 30" Phase Lag (Hz) 
12  12  1 0  .Accelerat ion (f t /sec2)  
17 8.65 
Rotary Motion Rol l  P i t ch  Yaw 
Displacement  (deg) * 45 2 22.5 2 30 
Velocity  (deg/sec) 100 40 40 
Acceleration (deglsecz) 
1.7 1.5 3.1 Frequency @ 30" Phase Lag (Hz) 
115 115 230 
Height-Control Test Apparatus - Consists of a s i n g l e  o r  d u a l  c o c k p i t ,  a Ward-Leonard Electr ical  Servo 
Driven Motion System, visual display system and an analog computer which provides closed loop opera- 
t ion .  The cockpi t  is equipped with an opaque  hood f o r  Instrument f l i g h t  s i m u l a t i o n .  S p e c i a l  v i s u a l  
d i sp l ays  are contact analog and a landing approach image generator  which presents  scenes to  the pi lot  
by means of a c losed  c i rcu i t  t e lev is ion  moni tor .  This f a c i l i t y  i s  used  for  he l icopter ,  V/STOL and 
l a r g e  t r a n s p o r t  r e s e a r c h  r e q u i r i n g  s u s t a i n e d  v e r t i c a l  a c c e l e r a t i o n  and v i s u a l  c o n t a c t  from low 
a l t i t u d e s .  In this  connect ion,  evaluat ions of  instruments  and control  systems may be accomplished. 
MOTION SYSTEM  PERFORMANCE 
Frequency 
@ 
Acceleration 30" Phase Lag 
Linear Motion  (g's  from  normal) (Hz) 
1 I 
I Vertical 2 . 7  I I 
1 I I I I I 
Moving-Cab Transport Simulator - Consists of a conventionally equipped side-by-side, two-pilot 
cockpit, three-degree-of-freedom motion system, visual display, and an analog computer to provide 
closed-loop operation. Motion is generated by three l inear  actuators  which may be  ope ra t ed  in  
synchroniza t ion  or  d i f fe ren t ia l ly  through hydraul ic  se rvos .  The v isua l  sys tem provides  the  p i lo t  
wi th  a co lo r  o r  black and w h i t e  representa t ion  of  the  v isua l  scene  as would be observed during 
approach, landing, take-off,  and taxiing exercises under varying l ighting, cloud, and v i s i b i l i t y  
condi t ions  by means of  c losed-c i rcu i t  t e lev is ion .  The maximum f i e l d  o f  view possible is 46" 
hor izonta l ly  by  38" ver t ica l ly .  Evalua t ion  of  a i rc raf t  handl ing  qua l i t i es  and control systems may 
be conducted during approach, landing, and taxiing. 
MOTION SYSTEM  PERFORMANCE 
Linear  Motion I Longitudinal 
Displacement  (f t )  
Veloc i ty   ( f t l sec)  
Accelerat ion (f t Isec2)  
Frequency @ 30" Phase Lag (Hz) 
Rotary  Motion Ro 11 
Displacement  (deg) f 9  
Velocity  (deglsec) 12.6 
Acceleration (deg/sec2) 270 
Frequency @ 30" Phase Lag (Hz) .5 
None 
2 
0 t o  64.4 
- 1 None 
P i t ch  
+14 t o  -6 
None 
.5 
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SIMULATOR  SYSTEMS  (CONTINUED) 
Six-Degree-of-Freedom Motion Simulator - Consists of a one-man cockpi t ,  motion s imulator ,  visual  dis-  
play,  and computer. The one-man cockpi t  is t y p i c a l  of a V/STOL a i r c r a f t  and is f i t t e d  w i t h  stick, 
rudder ,  and throt t le  controls  and its des ign  pe rmi t s  i n s t a l l a t ion  of cockpits of other configurations.  
The motion system drive is accomplished by Ward-Leonard Electrical Servos and torque motors which 
dr ive through s i lent  chains  to  rubber-faced sectors  or  to  cable-pul l ing drums.  The v i sua l  d i sp l ay  
is used as an approach and landing aid and is p resen ted  to  the  p i lo t  via c losed-c i rcu i t  t e lev is ion .  
A general-purpose digital or analog computation provides closed-loop operation. Displacement of the 
v i sua l  d i sp l ay  to  a l i m i t  of t r a v e l  programs the  cab to  d r ive  to  an  in i t i a l  cond i t ion  o f  d i sp l acemen t  
and a l t i tude .  This  s imula tor  is used pr imari ly  for  research of  V/STOL a i r c ra f t  app roach  and landing 
f l y i n g  q u a l i t i e s  as w e l l  as fo r  eva lua t ions  of  control  system character is t ics .  
MOTION SYSTEM  PERFORMANCE 
I Linear ~ o t i o n  I Longitudinal I Vertical I Lateral I 
1 I I 
Displacement  (f t) 
.20 .24 Frequency @ 30" Phase Lag (Hz) 
8.8 7.5 Accelerat ion  ( f   t / sec2)  
7.5 9 Velocity  (f   t /sec) 
f 9   + 9  
Rotary Motion Roll  P i t c h  
Displacement  (deg) f 35 f 35 
Velocity  (deg/sec) 75 173 
Acceleration (degIsec2) 573 
.55 .63 Frequency @ 30" Phase Lag (Hz) 
258 
+ 9  
8.0 
9.2 
.54 
Yaw 
2 35 
97 
172 
.70 
Ver t ica l  Acce lera t ion  and Rol Device - Is a dynamic f l i g h t  s i m u l a t o r  w i t h  v e r t i c a l  t r a n s l a t i o n  and - 
r o l l  r o t a t i o n  c a p a b i l i t i e s .  It c o n s i s t s  of a two-place, side-by-side cockpit supported on a v e r t i c a l  
track. This simulator i s  normally operated closed-loop with fl ight dynamics generated on an analog 
computer  programed to  account  for  vehicle  dynamic response to  pi lot  control  inputs .  Rotary hydraul ic  
se rvo  motors  provide  l inear  mot ion  for  the  ver t ica l  excurs ion ,  cont ro l led  by an electro-hydraul ic  servo 
valve,  and a n  e l e c t r i c a l l y  c o n t r o l l e d  l i n e a r  a c t u a t o r  is used  fo r  ro l l .  A t e l e v i s i o n  camera is dr iven  
closed-loop for  acquir ing a television monitor view of a model runway and surrounding countryside as 
a v i sua l  a id  in  l and ing  approach  s tud ie s .  This device is used f o r  a i r c r a f t  r e s e a r c h  r e q u i r i n g  v i s u a l  
contac t  and f o r  a i r c r a f t ,  s p a c e c r a f t ,  and medical investigations requiring normal and r o l l  accelera- 
t i ons .  
MOTION SYSTEM  PERFORMANCE 
Linear  Motion I Longitudinal I Vertical I Lateral I 
Displacement  (f t )  
Accelerat ion  ( f   t / sec2)  
f 12 None Velocity  (f   t /sec) 
f 10  
Rotary 14otion Rol l  P i t c h  Yaw 
Displacement  (deg) f 30 
Velocity  (deglsec) 2 172 None 
Acceleration  (degIsec2) 
None 
f 64.4 
None 
f 172 
Other Simulators - Simulation of aeronautical and space flight problems is provided by a number of  
other simulator systems and includes the following: 
a. Fixed-Base  Transport  Simulator (No. 2) f o r  a i r c r a f t  crew task  eva lua t ion .  
b. Midcourse Navigation Simulator for the assessment of space navigation instruments and 
procedures. 
C.  F l i g h t  and Guidance Centrifuge for spacecraft  mission simulation. 
d. 1.hn-Carrying  Rotation  Device fo r  phys io log ica l  s tud ie s .  
e. Biosa te l l i t e  Cent r i fuge  for  de te rmina t ion  of  g to le rance  of  b io logica l  subjec ts .  
a5 
SIMULATOR SYSTEMS (CONTINUED) 
f. Environmental  Chamber  for  studies  involving  altitude,  atmosphere  composition,  or  temperature 
capability. 
g. Portable  Chamber  for  studies  involving  altitude or atmospheric  compositions with centrifugation. 
h. Human Environmental  Test  Facility for studies  involving  altitudes,  atmospheric  composition, and 
temperature or temperature  cycling. 
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NASA  FRC  SIMULATION LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
NASA Flight Research Center COGNIZANT  ORGANIZATIONAL  COMPONENT: 
P.O. Box-273 
Edwards Air Force Ease 
Ca l i fo rn ia  93523 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
Simulation Laboratory 
J. P. Smith 
Phone: 0305) 258-3311 e x t  684 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Simulation Laboratory is a general-purpose simulation complex, oriented 
pr imar i ly  toward  but  no t  l imi ted  to  manned rea l - t ime f l igh t  s imula t ion .  It c o n s i s t s  o f  d i g i t a l  and 
analog computers, s ix crew s t a t i o n s ,  a f ly ing  spot  scanner  v isua l  scene  genera tor ,  contac t  ana log  v isua l  
scene generators ,  var ious display uni ts ,  and associated hardware.  
The labora tory  is capable  of  operat ing three hybrid s imulat ions and one analog s imulat ion s imultaneously.  
Visual  information from ei ther  the f lying spot  scanner  or  the contact  analogs can be routed to  any of  
t he  crew s t a t ions .  
The crew s t a t i o n s  are equipped with active f l i g h t  c o n t r o l s  and active*light instruments.  With the 
except ion of  the PA-30 s imula tor ,  which  cons is t s  of  the  ac tua l  a i rc raf t  f l igh t  cont ro l  sys tem,  each  
s t a t i o n  is equipped with a va r i ab le  f ee l  con t ro l  l oade r .  
COMPUTER  COMPLEX: 
D i g i t a l  - The d i g i t a l  computers are: (1) an XDS 9300  computer with 24K memory, three magnetic tape 
units, one card reader,  and a paper  tape punch and reader, and (2) an WS 930 wi th  32K memory, one 
magnetic tape unit, one card reader,  a paper tape punch and reader, and a 500,000-character random 
a c c e s s  d a t a  f i l e .  A l ine p r i n t e r  is shared between the two computers. The XDS 930  computer u t i l i z e s  
a dual hybrid operating system which permits the simultaneous operation of two real-time programs. 
Converters - Analog-digital and digital-analog conversions are provided by  two separa te  W S  i n t e r f a c e  
s y s  tems . 
Analog - The faci l i ty   contains   four   general-purpose  analog  computers ,   one EA1 231-R-V, one 231-R, 
and two AD1 AD-4 computers. 
SPECIAL  SIMULATION  HARDWARE: 
Flying Spot Scanner - Generates a two-dimensional 525 l i n e  b l a c k  and white  te levis ion picture  f rom a 
p l a i n  view transparency. 
Contact Analog - Generates a 525- l ine  te lev is ion  p ic ture  cons is t ing  of  a ground t ex tu re  and horizon. 
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
CONTRACTOR: In te rna l ly   Cons t ruc ted  LOCATION: Edwards AFB, Cal i forn ia  
CONSTRUCTION YEAR: 1956-1959 COST $ 1,5ao,ooo 
IMPROVEMENTS AND COSTS: (1970) Two AD-4 computers,  Cost $315,000. 
COST (TYPICAL a HOUR SHIFT): $4,500 ESTIMATED  REPLACEMENT  VALUE $ 2.010.000 
PLANS  FOR FACILITY  IMPROWXENTS: Instal la t ion of  s imple motion s imulator ,  improvement of v i s u a l  
displays,  and expansion of  digi ta l  computer  capabi l i ty .  
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NASA-LANGLEY  ATTITUDE  CONTROL  SIHULATION  FACILITY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
National Aeronautics and Space Administration COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Langley Research Center 
Hampton, Vi rg in ia  23365 I Fl igh t  Dynamics and Control Division I 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
S t a b i l i t y  and Control Branch 
E. D. Kersey, Jr. 
Phone:  (703) 827-3036 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The At t i tude  Cont ro l  S imula t ion  Fac i l i ty  (ACSF) is a multipurpose research complex 
f o r  t h e  e v a l u a t i o n  o f  s p a c e c r a f t  a t t i t u d e  s t a b i l i z a t i o n  and control systems. The 60-foot-diameter sphere 
provides a so la r  r ad ia t ion  s imula to r ,  a p l ane t  r ad ia t ion  s imula to r ,  and three star s imula tors  to  be  used  
as sources for control system sensors.  Scaled dynamic models of complete control systems can be sup- 
ported by a c e n t r a l l y  l o c a t e d  a i r b e a r i n g  f o r  s c a l e d  c o n t r o l  s y s t e m  tests, o r  sensor hardware can be 
mounted on a three-axis  servo table  for  evaluat ion.  Sensors  used include sun sensors ,  horizon scanners ,  
and three-axis rate platforms.  Control  logic  calculat ions are performed on-board or remotely with read- 
ou t  and command te lemet ry  comple t ing  the  cont ro l  l ink .  In  addi t ion ,  i t  is poss ib le  to  per form cont ro l  
l o g i c  c a l c u l a t i o n s  with a Control Data Coiporation (CDC) 6600 d i g i t a l  computer a t  the Langley Research 
Center computer complex, making a wide range of control law appl ica t ions  poss ib le .  
The three-axis servo  tab le  recent ly  acqui red  coupled  with the  da ta  l ine-buffer  sys tem l ink t o   t h e  
Langley  computer  complex, becomes a n  i n t e g r a l  p a r t  o f  a d ivers i f ied  s imula t ion  sys tem.  Actua l  f l igh t  
sensor performance can be included along with actuators and control logic to produce a r e a l i s t i c  dynamic 
simulation of control system performance. A wide  var ie ty  of  test equipment and opt iona l  modes of opera- 
t i o n  of t h e  ACSF simulation systems makes i t  poss ib le  to  per form component and subsystem evaluations as 
well as complete control system tests. 
SENSOR  EVALUATION  TABLE  CHARACTERISTICS  (SERVO  TABLE): 
Gimbal Freedom (a l l  axes): 
Minimum Smooth Rate ( a l l  axes): 
Maximum Gimbal Rate (outer):  
(middle): . 
(inner) : 
Pos i t ion  Accuracy: 
Gimbal Servo Bandpass (outer): 
(middle) : 
(inner) : 
Maximum Payload Weight: 
Max imum Payload Envelope: 
2 120  deg 
0.0004 deglsec 
200 degfsec 
400 deglsec 
200 degfsec 
2 5 sec of arc 
14 Hz 
17.5 Hz 
27.5 Hz 
250 l b  
20 in .  (Diameter) 
18  in. (Length) 
FACILITY  COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
ESTIMATED  REPLACEMENT  VALUE $Not Available COST  (TYPICAL 8 HOUR SHIFT): Not Available 
CONSTRUCTION YEAR: 1961-1966 COST $855,000 
General E l e c t r i c  Co. 
Aerospace  Controls Los Angeles,  Calif. 
.CONTRACTOR: Compudyne Corporation LOCATION: Hatboro, Penn. 
IMPROVEMENTS AND COSTS: (1965-66) Thermal  Control  Housing, (1967) Star   Simulators  (3), (1968) Data 
Cable  and  Buffer  System,  (1965)  Elevator,  (1970)  Three-Axis  Servo  Table. 
Cincinnati ,  Ohio 
PLANS FOR FACILITY  IMPROVEMENTS: Remodel Solar Simulator,  Improve Planet  Drive System. 
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ATTITUTDE  CONTROL  SIMULATION  FACILITY  CHARACTERISTICS 
Size: 
Vacuum: 
Target 
supports: 
Alignment: 
Model 
Access: 
support: 
Sphere 
60 f t  diameter 
0.2 t o r r  
- 3-r ing  p lane t  ta rge t  
support  with v a r i a b l e  
d r i v e ;  s i d e r e a l  t o  1 rpm 
- Sola r  t a rge t  suppor t  w i th  
cons t an t  s ide rea l  d r ive  
Rotation axes are aligned 
w i t h  e a r t h ' s  r o t a t i o n  axis 
2 5 arc m ~ n  
4 and 6 in. a i rbear ings  
10 and 4 f t  dia .  hatches 
Solar Radiation Simulator 
Size: 30 in. diameter 
Source: 20 kN XE arc lamp 
Uniformity: 5 5 percent 
In tens i ty :  0.6 so la r   cons tan ts  
Collimation: 3" t o t a l  a n g l e  
Spectrum: XE modified by o p t i c s  
Star  Radiat ion Simulators  
Size: 15 in. diameter 
Source: 18 watt r ibbon  f i lament  lamp 
Image s ize :  8 arc seconds 
Collimation: 5 5 arc seconds 
Uniformity: 5 0.1 stellar magnitudes 
In t ens i ty :  -2 t o  +6 stel lar  magnitudes 
Planet Radiation Simulator 
Size: 6 t o  20 f t  diameter 
Source: Res i s t ance  s t r ip  hea te r s  
Temperature: 0-200°F target  temperature  
0-70"F between t a r g e t  and 
background 
Uniformity: 5 2 " ~  
Thermal Control Housing 
Temperature 
Hoist  : 7-112 ton monorail  traverse 
cont ro l :  + 9°F -
Model Parameters 
Max s i ze :  40 f t  diameter 
Max weight: 4,000 l b  
Data l ink :  52 p a i r   c a b l e   t o   s t r u t  
Onboard 
18 channel FM-FM telemetry 
power : Mercury dipwire power feed 
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NASA-LANGLEY FLIGHT CONTROL RESEARCH  FACILITY 
REPORTING  INSTALLATION: STATUS OF FACILITY: Active 
National Aeronautics and Space Administration 
Langley Research Center 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Hampton, Vi rg tn ia  23365 
Analysis and Computation Division 
OTHER  SOURCES  OF  INFORMATION: LOCAL OFFICE TO CONTACT  FOR  INFORMATION: 
Analog Computing and Simulation Branch 
C. N. Valade, Mail Stop 125-B 
Phone:  (703) 827-3203 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Fl ight  Cont ro l  Research  Fac i l i ty  (FCRF) and t h e  Data Reduction Center to 
which i t  is appended provide computing equipment and services f o r  a l l  o f  t h e  s c i e n t i f i c  computing 
a c t i v i t y  a t  NASA's Langley Research Center. This combined f a c i l i t y  houses an extensive digital  computer 
complex which performs a l l  a n a l y t i c a l  and data-reduction "batch" processing, services low- and medium- 
speed remote (open-shop) terminals, and  provides  "on- l ine"  da ta  reduct ion  to  ground- tes t  fac i l i t i es .  
Along with an adjacent  analog computing faci l i ty ,  the central  digi ta l  equipment  a lso performs the bulk 
of a l l  "real-time" computa t ion  fo r  r e sea rch  f l i gh t  s imula to r s  l oca t ed  in  the  FCRF and i n   s e v e r a l  remote 
buildings.  
The o r i g i n a l  Data Reduct ion  Center  a l so  conta ins  s ign i f icant  faci l i t ies  f o r  c e n t r a l i z e d  d i g i t a l  d a t a  
recording and telemetry data transcription; however,  subsequent descriptions hereunder w i l l  be  l imited 
t o  t h e  FCRF and f e a t u r e s  p e r t i n e n t  t o  real-time simulation. 
FCRF  COMPUTATION FACILITIES: 
Cen t ra l  D ig i t a l  P rocess ing  - Four Control Data 6000 Series  computers  operate  in  a multiprogram, multi- 
processor  environment  to  handle  the total  processing requirements .  Mult iple-access  switches provide 
data  paths  f rom each processor  to  s tandard per ipherals ,  bulk s torage,  and special  interfaces  such as 
t h e  Real-Time Simulation  Subsystems (RTSS) and CRT Disp lay  Cont ro l le rs .  Typica l ly ,  for  s imula t ion ,  up 
t o  t h r e e  real-time programs are processed simultaneously on a s ingle  central  processor .  Real- t ime 
programs operate under the control of supervisor/scheduler software systems, which allows completely 
independent operation of the real-time jobs  as well as independent background use of the same proces- 
s o r  f o r  "batch"  work  on a t ime-avai lable  basis .  Two ident ical  s imulat ion subsystems (RTSS) e x i s t  and 
can al low real- t ime jobs to  be run on separate  processors .  This feature provides redundancy but is 
also used when greater batch "through-put" can be real ized by spreading the memory/time requirements 
of  real-time work over two cent ra l  p rocessors .  
Real-Time Simulation Subsystems (RTSS) - Each of t he  two  RTSS's con ta ins  the  bas i c  real-time clock and 
i n t e r v a l  timer f o r  synchronous program control. Each conta ins  80 analog-to-digital  input channels,  
192 digital-to-analog output channels,  960 d i sc re t e  i npu t s ,  and  960 d iscre te  outputs .  The analog 
i n t e r f a c e s  are 15-bit, 2 100-volt  system$ with exceptional noise rejection features.  Each RTSS job  
is controlled from one of t h r e e  c o n t r o l  s t a t i o n s  which provide basic mode con t ro l ,  and monitoring 
fea tures  inc luding  d ig i ta l  and  log ic  readouts ,  ana log  time h i s t o r i e s ,  a n d  X-Y plots. Nonreal-time 
CRT d i sp l ays  ad jacen t  t o  each  con t ro l  s t a t ion  a l low in t e rac t ive  ope ra to r  con t ro l  and program changes. 
Since real-t ime jobs can be "loaded" i n   t h e  RTSS area, these  f ea tu res  combine to provide an autonomous 
environment fo r  t he  s imula t ion  programmers. 
Analog  Computing F a c i l i t y  - Adjacent t o  t h e  RTSS area, th i s  f ac i l i t y  con ta ins  th ree  fu l l - expanded  
FA1  231-R consoles and two GPS 10,000 repetitive-operation computers. 
FACILITY COST  BISTORY 
PLANS FOR FACILITY  IMPROVEMENTS: (1)  General-purpose  fixed  base  cockpits,  (2)  Differential  maneuvering 
s imulator ,  (3)  Six-DOF motion base, ( 4 )  Ninety-degree v i r t u a l  image d isp lay  system. 
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FCRF  COMPUTATION FACILITIES (CONTINUED) 
Simulat ion-Signal  Distr ibut ion - A manual (patchboard) switching system provides analog and discrete 
s igna l  i n t e rconnec t ion  from each RTSS or analog computer to any simulator site wi th in  FCRF or t o  
remote simulator sites. The system provides programmable means f o r  a l l o c a t i n g  RTSS DAC's and ADC's 
t o  t h e  t h r e e  j o b s  ( c o n t r o l  s t a t i o n s )  on each RTSS and, within the bounds of any given allocation, 
allows changing jobs on any one con t ro l  s t a t ion  wi th  no  in t e r rup t ion  of jobs  on  the  o ther  cont ro l  
s t a t i o n s .  The s igna l  d i s t r ibu t ion  sys tem a lso  provides  a modest  analog interface between digi ta l  and 
analog computers; however, no control provisions exist current ly  for  synchronous operat ion.  
FCRF  SII.NLATION HARDWAR?2 SYSTE-lS: 
Fixed-Base Cockpits - Two general-purpose, fixed-base cockpits provide means f o r   b a s i c  IFR aeronaut ic  
r e sea rch  in  app l i ca t ions  such  as handling quali t ies and instrument display development.  Each  of t h e  
cockpits can be readily converted from two-seat, wheel-column t r anspor t  conf igu ra t ions  to  V/STOL 
conf igu ra t ions  wi th  co l l ec t ive  con t ro l s  or s i n g l e - s e a t  s t i c k  or side-arm controller configurations.  
Standardized wiring allows quick changes of f l i gh t  i n s t rumen t s .  Each system is equipped with three- 
ax i s ,  programmable, servo-driven (hydraulic) control-force systems which allow simulation of control 
dynamics and nonlinear effects such as deadband, preload, friction, and cable stretch. Additional 
computer inputs  a l low inc lus ion  of k i n e t i c  e f f e c t s  s u c h  as hinge moments and bob-weights. 
D i f f e r e n t i a l  Maneuvering Simulator - This  dual  f ixed-base s imulator  is a visua l  d i sp lay  sys tem 
employing two 40-foot-diameter spherical  projection screens i n  t h e  high-bay area of FCRF. A s imula tor  
p i l o t  i n  each sphere i s  af forded  a wide-angle view (* 170" azimuth, +90, -60" elevat ion)  of  sky,  ear th ,  
and a t a r g e t  image represent ing the vehicle  f lown by the other  pi lot .  The t a r g e t  image generation and 
projection systems employ sca l ed  models supported i n  four-axis gimbal systems, TV camera pickup, and 
h igh- in tens i ty  CRT projection through two-axis projection-mirror systems which provide line-of-sight 
p o s i t i o n i n g  t o  any point within the wide-angle viewing field.  Target ranging is accomplished by 
simultaneous drive of a camera-zoom lens and a la rge  format  pro jec t ion  zoom lens  to  p rov ide  a t o t a l  
r a n g e  r a t i o  of 150:l. A t  the  nearest  range,  the target  image subtends a maximum viewing angle of 
approximately 12". The sky-earth projection systems employ mercury arc lamp pro jec t ion  of colored 
sphe r i ca l  t r anspa renc ie s  wh ich  p rov ide  on ly  ro t a t iona l  cues  (p i t ch ,  ro l l ,  and yaw) wi th  no  t r ans l a t ion  
o f  t e r r a i n  f e a t u r e s .  The pro jec t ion  t ransparenc ies  are driven by four-axis,gimbal systems. The arc 
lamp sources are driven or thogonal ly  relative t o  t h e  i n n e r  g i m b a l  t o  maintain co r rec t  mapping of the 
spher ica l  t ransparenc ies  on  the  spher ica l  p ro jec t ion  screen. Pro jec t ion  in tens i t ies  provide  approxi -  
mately 0.5 foot- lambert  target  br ightness  and 0.15 foot-lambert  sky-earth brightness.  Combined gimbal 
mot ions  provide  cont inuous  ro ta t iona l  capabi l i ty  for  vehicle rates up t o  8 radians per second i n  r o l l  
and 3 radians per second i n  p i t c h  and yaw. Vehic le  acce lera t ion  capabi l i t i es  are 10, 3, and 3 rad ians  
p e r  second squared for  rol l ,  p i tch,  and yaw, respec t ive ly .  Ranging  and l ine-of-s ight  posi t ioning 
provide six degrees of freedom between vehicles wi th  c losu re  rates i n  excess  of  1500 f ee t  pe r  s econd  
and r e l a t ive  angu la r  rates i n  excess of 5 radians per second. Each sphere is current ly  equipped with 
a fu l ly  in s t rumen ted  a i r c ra f t  cockp i t  w i th  programmable con t ro l  fo rces ,  vertical buffet  motion up t o  
0.5g from 0 t o  20 hertz,  and pressure-servo controlled g-suit .  
Al computations f o r  v e h i c l e  dynamics, r e l a t i v e  geometry, and hardware drive are performed i n  t h e  
c e n t r a l  computing complex. 
SPx-Degree-of-Freedom Motion Base - A standard Singer-Link (synergistic) motion system is cur ren t ly  
under procurement f o r  i n s t a l l a t i o n  i n  the  FCRF high-bay area i n  mid-1971. After i n s t a l l a t i o n ,  t h i s  
system w i l l  b e   o u t f i t t e d  by NASA wi th  a cockpit  and CRT-virtual-image display system for basic studies 
of motion-visual  effects .  The i n i t i a l  d isp lay  source  will be  a scaled-model, terrain-scene generator 
now e x i s t i n g  i n  a n o t h e r  f a c i l i t y  ( B u i l d i n g  1220) which i s  described i n  a separate  enclosure.  
Virtual-Image Display Simulator - An in-house system now under development w i l l  provide a 90" r e f r ac -  
tive vir tual- image presentat ion of  mixed sources  for  genera l  appl ica t ion  to  space  and  aeronaut ica l  
s tud ie s .  The system wil l  a l low simultaneous inputs  of  terrain-scene,  target-vehicle  image from high-  
intensi ty  kinescope projectors ,  and will inc lude  a th i rd  input  f rom a gimbal led planetar ium projector .  
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FACILITY  LAYOUT 
- Building 1268-A, Addition to Data Reduction Center (Building 1268) 
A First Floor 
Computer I/O 
Graphics 
Display Development 
Fixed Base  Cockpits 
Differential Lnewer ing  Simulalor 
Virtual Image Display 
Optics Lab 
Six Degree lo t ion Base 
B Second Floor 
Data Transcription 
Line Supervisor 
Central  Recarding 
Buried  Cable to Remote  Grolmd Test  Facllities 
Central Digital Computer  Complex 
Simulated  Signal Distribution 
Real Time Simulation Subsystems  and Control  Stations 
Hi-Bay 
Analog Computers 
Buried  Cable to Remote Slmulatlon  Sites 
LRC DIGITAL  COMPUTER  COMPLEX 
Simulation Low-Speed  R_emge Terminals m m a B - +  r;71"-- Medium-Speed Terminals 
Research 
F a c l ~ l l e s  
CR - Card  Reader 
PR - Llne Prlnler 
b b b b b k + 4  4 Data Cells 22 x lo9 Characters 16 Magnetic  Tape Units 
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5 Disk Storage Units 655 x IO6 Characters 
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NASA-LANGLEY CMG RESEARCH LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
National Aeronautics and Space Administration 
' Fl igh t  Dynamics and Control Division Langley Research Center 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
Hampton, Vi rg in ia  23365 
OTHER SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
NASA TM X-2069 S t a b i l i t y  and Control Branch 
AIAA Paper No. 69-940 C. R. Keckler 
Phone:  (703) 827-3036 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Control Moment Gyro (CMG) Research Laboratory is a f a c i l i t y  which permits 
t h e  real-time evaluat ion of  ful l -scale  CMG's o r  o the r  ac t iva to r  ha rdware  in  a simulated dynamic environ- 
ment. It is composed of CMG hardware, a Cont ro l  F l igh t  Tes t  Bed  (CFTB) with torque measuring fixtures 
(TMF's), control  e lectronics ,  buffer  system, an analog computer  and a va r i e ty  o f  component test se tups .  
The CFTB is a three-axis servo table which provides the dynamic environment for the full-scale control 
system hardware. This hardware is mounted i n  TMF's on the inner  gimbal  of  the CFTB. The CFTB is linked 
to the real-t ime simulation computer through the buffer system. 
COMPUTER  EQUIPMENT: 
D i g i t a l  - The Langley Research Center's real-time computer complex provides a Control Data Corporation 
(CDC) 6600 d i g i t a l  computer f o r  real-time mission simulations.  
Analog - An EA1 680 system is a component of  the CMG Research Laboratory and provides the required 
analog computation. 
Software - Present computer simulation programs for this facil i ty model the spacecraft  dynamics,  the 
o r b i t a l  environment, crew motion disturbances, and t h e  c o n t r o l  computer and s teer ing laws.  The com- 
puter  so lves  the  spacecraf t  equa t ions  of  mot ion  and  commands the  CFTB to  dupl ica te  the  vehic le  mot ion .  
Simultaneously,  the real-t ime computer generates control commands which are sen t  t o  the  con t ro l  ha rd -  
ware. The resu l t an t  con t ro l  t o rques  are measured by the TMF's and sen t  t o  the  r ea l - t ime  computer t o  
c lose  the  s imula t ion  loop .  
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
COST  ( YPICAL 8-HOUR SHIFT):  Kot Available 
CONSTRUCTION  YEAR: 1967-68 COST $ Not 
CONTRACTOR: Eas te rn  Cons t. Corp. LOCATION: Newport News, Va. 
ESTIMATED  REPLACEMENT  VALUE $ Available 
IMPROVEMENTS AND COSTS: (1967)  Control Moment Gyros (CMG's), (1969) Control  Fl ight  Test  Bed (CFTB), 
Cohoon and Heasley, Inc. Cambridge, Mass. 
(1968) B u f f e r  S y s t q ,  (1969)  Computer Equipment,  (1969) Access Platform and Hydraulic Room 
PLANS  FOR FACILITY  IMPROVEMENTS: Completion of Hybrid Computation capability and establishment of 
e lec t ronics  eva lua t ion  labora tory .  Es tab l i sh  test area for evaluation of second generation CMG Hardware. 
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EQUIPMENT  PERFORMANCE  CHARACTERISTICS : 
Capacity: 2,500 l b  
Envelope: 8 f t  diameter sphere 
S l i p  Rings: 150 
Torque Measurement F ix tu re  (TMF) 
Max torque: 200 f t - lb  
Resolution: 0.02 f t - l b  
Accuracy: 0.1 percent of 
reading  or  
0.02 f t - lb  
Rise time: 20 m s  
Resonant  frequency:  10 Hz 
t 
CFTB Gimbal Drive 
Inner:  2 dc  torquers,  continuous  freedom 
Middle: 2 hydraul ic  to rquers ,  5 85" freedom 
Outer: 2 hydraul ic   to rquers ,  5 85' freedom 
*CFTB Gimbal Performance 
Posi t ion  threshold:  0.0005" 
Maximum d r i f t :  0.01" p e r   h r  
I G  max rate: 25' p e r  s e c  
MG and OG m a x  rate: 10' pe r  sec 
Minimum rate: 0.0005 2 0.0001" p e r  sec 
* Position  accuracy: O.O0lo 
**Posit ion tracking 
**Rate t racking  
accuracy: 0.005" 
accuracy : 0.02' per  sec 
* Applies  to  a l l  th ree  g imbals  un less  o therwise  s ta ted  ** 0 = lo s i n  4 t  d r i v e  s i g n a l  
TESTING  CAPABILITIES: The f a c i l i t y  is used  fo r  fu l l - s ca l e  con t ro l  component and system tests, and can 
perform real-time mission s imulat ions with prototype control  hardware when operated with a Control Data 
Corporation (CDC) 6600sdigital computer i n   t h e  Langley Research Center real-time computer complex. 
Cent ra l iza t ion  of  cont ro l  e lec t ronics  for  the  var ious  hardware  and  of  the  buf fer  sys tem permi ts  opera-  
t i o n  and monitoring of a l l  functions by one operator,  thus improving setup and running efficiency. 
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FACILITY LAYOUT 
OPERATIONAL DIAGRAM 
SIMULATION CONCEPT 
Real-Time Dinital Comuuler 
Legend 
@ Utility Trough 
@ Static Test 
@ Motor Generator 
@ Console 
@ Hydraulic  Supply 
(@ Removable Wall Sections 
0 !;k'E;osure 
@ Seismic L s s  Foundalion 
@ CFTB 
@ Eleclronics Evaluation Area 
@ Pitot Controt Console 
@ Control  Room 
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NASA-LANGLEY  SIMULATION  RESEARCH  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
National Aeronautics and Space Administration 
Hampton, Vi rg in ia  23365 
Analysis and Computation Division Langley Research Center 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
Analog Computing and Simulation Branch 
C. N. Valade, Mail Stop 125B 
Phone:  (703)  827-3203 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: This fac i l i ty  opera tes  severa l  s imula tors  which  inc lude  a Transpor t  Ai rcraf t  
Simulator (TAS), a Tact ical  Effect iveness  Simulator  (TES), and a Foot-Controlled Maneuvering Unit (FCMU) 
Simulator, a l l  of which are of the fixed-base type with cockpi ts ,  visual  systems,  and analog 
and d i g i t a l  computers. 
COMPUTER  EQUIPMENT: This Laboratory, approximately 800 feet from the Flight Control Research Facil i ty,  
houses a major share of the early,  f ixed-base fl ight-simulator hardware a t  NASA's Langley Research 
Center. It is l i nked  to  cen t r a l  s imu la t ion  compute r s  i n  FCRF by buried cable. The Laboratory contains 
cen t r a l  i n t e r f ace  equ ipmen t  fo r  bu f fe r ing  and conditioning of analog and discrete computer signals from' 
FCRF and f o r  d i s t r i b u t i o n  o f  t h e s e  s i g n a l s  t o  t h e  several simulators.  
Central  Signal  Condi t ioning and Distr ibut ion - This equipment includes 220 ampl i f i e r s  fo r  bu f fe r ing  
long  l ines  ana log  signals. two s m a l l  analog computer consoles for simulator tests, 25 channels of - " 
servo equipment  for  analog to  synchro conversion,  sol id-s ta te  analog to  synchro conversion,  and 
three, 3-axis euler angle transformation computers. This equipment, along with computer signals 
t o  and from central computers i n  FCRF, is shared among t h e  s e v e r a l  s i m u l a t o r s  via a cable-patching 
sys tem for  signal d i s t r ibu t ion .  
" 
SPECIAL  SIMULATION  EQUIPMENT: 
Terrain Scene Generator - This equipment, o'riginally developed for  lunar -v ic in i ty  v isua l  scene  genera-  
t i on ,  cons i s t s  o f  two TV camera t ranspor t s  for  t rans la t ion  mot ion ,  g imbal led  opt ica l  p robes  (3-ax is )  
wi th  an 875-line, black and white orthicon camera on each, and four scaled models of lunar terrain. 
One of t h e  models is sphe r i ca l  w i th  pa in t ed  f ea tu res ,  t he  o the r  t h ree  are sphe r i ca l  segments with 
sca led ,  relief topography. An e a r t h  model segment, added recently, provides a 300:l representation of 
a STOL a i r c r a f t  complex f o r  aircraft approaches and landings.  Translation capabili ty of the camera 
t ranspor t  (40 f t  longi tudina l ly ,  2 3 f t l a t e r a l l y ,  2 f t  ve r t i ca l ly )  p rec ludes  go-around capab i l i t y .  
Work  now underway will convert  the pickup system to use a co lo r  camera. Video d i s t r i b u t i o n  l i n e s  
provide  capabi l i ty  for  t ransmiss ion  of  the  scene  to  severa l  loca t ions  wi th in  the  B-1220 Simulation 
Labora tory ,  to  FCRF, and t o  t h e  Rendezvous Docking Simulator i n  Building 1244. 
Fixed-Base Cockpits - Severa l  s tudy  s t a t ions ,  equ ipped  fo r  s igna l  d i s t r ibu t ion  and communications, 
exist t o  accommodate s imple cockpi ts  for  instrument  cue s tudies .  One o f  t hese  s t a t ions  i s  cu r ren t ly  
i n  use for  space  shut t le  s imula t ion .  Others  have  been  used  previous ly  for  handl ing  qua l i t i es  and 
control  s tudies  of  aerospace vehicles  such as HL-10, Apollo-Parawing, V/STOL, va r i ab le - s t ab i l i t y  
he l i cop te r ,  and Apollo Telescope Mount. 
FACILITY COST  HISTORY 
IAVERAGE ESTIMATED OPERATING I CONSTRUCTION YEAR: Not Avail. COST $ Not I 
COST  (TYPICAL 8-HOUR SHIFT): Not Available I ESTIMATED  REPLACEMENT  VALUE-$ Available 
CONTRACTOR: Not Available LOCATION: Not Available I 
IMPROVEMENTS AND COSTS: (1963) Transport  Aircraft Landing  Simulator, (1964-65) Terrain  Scene  Generator 
Model/Transport,  (1967) Tac t ica l  Ef fec t iveness  S imula tor ,  (1969)  Foot Controlled Maneuvering Unit 
Simulator, (1969-70) Signal Buffering and Conditioning Equipment. 
PLANS  FOR  FACILITY  IMPROVEMENTS: Not Available 
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TRANSPORT  AIRCRAFT  SIMLTLATOR (TAS): This device is b a s i c a l l y  a DC-8 f l i g h t  s i m u l a t o r ,  b u i l t  by Curtiss- 
Vright  Electronics  Divis ion and or iginal ly  modif ied for  use in  Supersonic  Transport  s tudies .  The system 
conta ins  a fully-instrumented cockpit, NAV-AIDS simulation of OMNI-ILS ground s t a t i o n s  and data-phone 
i n t e r f a c e  used i n   t h e  mid-1960's t o   l i n k   t h e  SST simulat ion with an Air Traf f ic  Cont ro l  S imula tor  at  
FAA's NAFE Center near Atlantic City,  New Jersey .  
This simulator has been used for a wide var ie ty  of t r a n s p o r t  a i r c r a f t  r e s e a r c h  s t u d i e s  and is cu r ren t ly  
used predominantly f o r  Blown-Flap STOL research. A CRTIVirtual-Image window disp lay  i s  t i e d  t o  t h e  
Terrain Scene Generator  for  visual  landing s imulat ion s tudies .  
TACTICAL  EFFECTIVENESS  IMULATOR (TES): This simulator,  developed as a fo re runne r  to  the  Di f f e ren t i a l  
Maneuvering Simulator i n  FCRF, provides  wide-f ie ld  visual  display (on a 20-foot diameter projection 
screen)  of a ta rge t  a i rc raf t ,  sky-ear th-hor izon  opt ica l  p ro jec t ion ,  and  a l imited-field ,(approximately 
34 degrees) kinescope projection of terrain imagery. The t a r g e t  image p resen ta t ion  employs a gimbaled 
model, 675-line vidicon camera and h igh - in t ens i ty  k inescope  p ro jec t ion  v i a  a s ing le  mi r ro r  mounted i n  
a 2-axis gimbal which provides correct line-of-sight. Range e f f e c t  i s  crea ted  by e i t h e r  a range bed 
motion of t he  camera or  cont inuous raster-shr inkage in  the target  projector  or  a combination of both. 
While only one visual scene is presented ,  an  ins t rumented  cont ro l  s ta t ion  a f t  o f  the  pr ime cockpi t  
a l lows independent  control  of  the second ( target)  vehicle  in  the central  computer  program.  The b a s i c  
equipment used i n  t h i s  s i m u l a t o r  came from a surplus  gunnery t ra iner  (F-151) b u i l t  by Rhea  Corpora t ion ,  
approximately 1950 vintage. 
FOOT CONTROLLED MANEUVERING UNIT (FCMU) SIMULATOR: A second, modified F-151 system has been equipped 
f o r  s t u d i e s  of space locomotion involving foot-controlled devices.  This display system, located in a 
separate  20-foot  diameter  project ion screen,  employs the basic range bed, kinescope and 2-axis mirror 
sys tem for  ta rge t  image p ro jec t ion  as i n  TES except for the absence of raster-shrinkage ranging. Iner- 
t i a l  frame reference is provided by a two-axis, shadow mask (op t i ca l )  p ro j ec t ion  o f  a f e a t u r e l e s s  
terrain-horizon. 
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F A C I L I T Y  LAYOUT 
Legend I 
@ Terrain Scene Generator 
@) Transport Aircraft Simulator 
@ Tactical  Effectiveness  Simulator 
@ Foot Controlled Maneuvering Unil 
@ Fixed Base Cockpits 
@ Central Signal Conditioning and 
(FCWU) Simulafor 
Distribution Equipment 
OPERATIONAL DIAGRAM 
Buried Cable to  FCRF  Computers 
A A A 
Computer Discrete 
I/O Buffer Relays 
I I I I 
Euler Central Signal 
Transform Distribution Conditioning 
Computers Patching Console 
I 
I 
I 
Scene 
I I 
Transpot 
Aircraft 
Simulator 
Instrument  Cue 
Stations 
L"" 
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NASA-LANGLEY  RENDEZVOUS DOCKING SIMULATOR 
REPORTING  INSTALLATION: STATUS OF FACILITY: Active 
National Aeronautics and Space Administration COGNIZANT  ORGANIZATIONAL  COMPONENT: 
I Langley Research Center Hampton, Vi rg in ia  23365 I Simulation and Human Factors Branch 
OTHER  SOURCES  OF  INFORMATION:  LOCAL OFFICE TO  CONTACT  FOR  INFORMATION: 
Phone: (703) 827-2710 
Max C. Kurbjun 
Simulation and Human Factors Branch 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The  Rendezvous  Docking Simulator provides the motion in six degrees of freedom. 
Angular  motion is provided through three interconnecting gimbals. Longitudinal and l a t e r a l  m o t i o n s  a r e  
obtained by a carr iage-rai l  arrangement  and v e r t i c a l  motion is achieved through a drum-cable arrangement. 
The above concept produces independent motion i n  a l l  s ix  degrees of freedom. 
COMPUTER  EQUIPMENT: The Langley Digital and Analog Computer Complex provides C I  5000, C I  150 and 
EA1 231-R computer systems and peripheral  equipment as required for solution of real-t ime simulation 
problems. 
YQTION  SYSTEM  PERFORMANCE: 
Linear Motion La te ra l   Ver t i ca l  Longitudinal 
Displacement (f t) t 75 
6 6 6 Accelerat ion  ( f t /sec2)  . 
4  6 6 Velocity (ftlsec) 
26 t 20 
I Rotary  Motion I Rol l  I Pi t ch  I Yaw I 
I Displacement  (deg) Velocity  (deglsec) Acceleration (degIsec2) Continuous 57.3 1 57.3  57.3 Continuous  Conti uo s 
Note: Al performance figures are maximum values  
TESTING  CAPABILITIES: The f a c i l i t y  w i l l  accept a one- o r  two-man cockpit .  Visual cues are presented 
by the real-world environment, by c losed-c i rcu i t  TV, o r  by cockpit instruments. The f a c i l i t y  is used 
fo r  space  o rb i t a l  dock ing  s imula t ions ,  a i r c ra f t  hand l ing  eva lua t ions ,  and f o r  b a s i c  motion studies 
research. 
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
IMPROVEMENTS AND COSTS: (1969) New a t t i t u d e  s e r v o s  and extensive wir ing.  Also replaced la teral  dr ive 
CONTRACTOR: J e r e d   I n d u s t r i e s  LOCATION: Birmingham, Michigan 
ESTIMATED  REPLACEMENT  VALUE $ Available COST  ( YPICAL 8 HOUR SHIET):  Not Available 
CONSTRUCTION YEAR: 1963 COST $ Not 
I re-amps. 
I 1 
PLANS  FOR  FACILITY  IMPROVEMENTS: Modify to  accept  severa l  a i rc raf t - type  cockpi t s .  
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FACILITY LAYOUT 
Overhead Track 
OPERATIONAL DIAGRAM 
/- 
- 
RENDEZC 
/"------_Flight Hangar, 8-1244 
Cornoutas 
3-Axis Gimbal 
Cockpit 
rous DOCKING sleuL ATOR 
r F C R F ,  B-lZSBA--\ 
r I I I I . 
Rendezvous Docking Simulator 
(6 Degrees of Freedom) 
E A 1  231-R 
Langley Digital 
and Analog 
Computer  Complex 
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NASA-MSFC  OMPUTATION LABORATORY PHYSICAL  SIMULATION  FACILITY 
REPORTING  INSTALLATION: .STATUS OF FACILITY: Active 
National Aeronautics & Space Administration 
George C. Marshall Space Flight Center 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
Marshall   Space  Flight  Center,  Alabama 35812 
Computation Division, S&E - Comp 
OTHER  SOURCES  OF  INFORMATION:  LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Simulation Branch, S&E - Comp - S, Bldg.  4663 
Mr. M. H. Knighton 
Phone:  (205) 453-1383 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The s i m u l a t i o n  f a c i l i t y  is comprised of three hybrid computer complexes, two fixed- 
base simulators,  one moving base simulator,  a l i n k  six-degree-of-freedom motion system, two SMK-23 model 
units,  one SMl-43 v i s u a l  s i m u l a t o r ,  two Eidophor projectors, one Farrand "Pancake" Vi r tua l  Image Lens sys- 
tem, one target motion system, and other associated hardware. All computers and simulator equipment ter- 
minate a t  cen t r a l  t ruck ing  s t a t ions  to  p rov ide  m a x i m u m  f l e x i b i l i t y  o f  equipment fo r  eng inee r ing  s tud ie s .  
HYBRID COMPUTER  COMPLEXES: The faci l i ty  operates  three hybrid computers ,  which are a DDP 116 system, 
an EMR 6050 system, and an EAI 8900 system. 
D i g i t a l  - Severa l  genera l  purpose  d ig i ta l  computers  provide  requi red  d ig i ta l  so lu t ions  to  s imula t ion  
problems at  t h e  f a c i l i t y .  These systems are tabula ted  be low,  a long  wi th  notes  on  the i r  des ign  fea tures .  
GENERAL-PURPOSE  DIGITAL  COXPUTERS 
r 
HEMORY CAPACITY, i 
I 
WORDS 
20K 
FLOATINGPOINT 
17 2  2 12 1.6 1 1.9 2  2 ACCESS  TIME,  MICROSEC 
16K 4K 4K 6Ka 160K 32K 32K 160K 
b d d  d d d -c b - WIRED' 
a SERLAL DELAY LINE MEMORY 
b MICROSUBROUTINE 
c FOR  GREATLY INCREASED ARITHMETIC SPEED AND MEMORY CAPACITY I N  HYBRID COMPUTATION 
d SUBROUTINE 
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
IMPROVEMENTS AND COSTS: Not Available 
CONTRACTOR: LOCATION: 
ESTIMATED  REPLACEMENT  VALUE $ Available COST  (TYPICAL  8-HOUR SHIFT):  Not Available 
CONSTRUCTION YEAR: COST .$ Not 
I 
PLANS  FOR  FACILITY  IMPROVEMENTS: A new lunar  terrain map of  the Fra Mauns region i s  under construction 
for  s imulat ions involving operat ion of t he  Lunar Roving Vehicle. 
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HYBRID COMPUTER COMPLEXES (CONTINUED) 
Analog - A wide range o f  general-purpose analog equipment i s  available and includes the items l i s ted  
belor.7. 
GENERAL-PURPOSE ANALOG SIbILILATION  EQUIPNENT 
a NOT  SERVO S E T  
b INCLUDING  ALL 2.IULTIPLIERS 
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HYBRID COXPUTER COXPLEXES (CONTINUED) 
C-?NEW-PURPOSE ANALOG SlMTLATION  EQUIPMENT 
COM SO 35 
a NOT SERVO SET 
Graphics - An ADAGE Graphics Terminal (AGT-30) computer system is equipped with a f u l l  se t  of software, 
magnetic tape system, assembler, compiler and display software. It has  the  capabi l i ty  of  d i sp lay ing  
three-dimensional  information with rotat ion and t ranslat ion in a l l  three axes.  The system components 
include:  (a) A dig i ta l   p rocessor   p rovides   ex tens ive   t ransfer   log ic  and address ing   capabi l i ty .  It 
fea tu res  an 8 K  - 30 b i t  memory wi th  a 2-microsecond register-to-register transfer.  Its pe r iphe ra l s  
inc lude  a magnetic tape, a set of  d i scre te  func t ion  swi tches ,  a l ight pen, and a cont ro l .  (b) A 
hybrid array solves  a t ransformat ion  mat r ix  for  ou tput  to  a vector  generator .  The vec tor  genera tor  
takes  the desired end points  of vec to r s  and converts them t o  p r o p e r  s i g n a l s  f o r  d r i v i n g  a display scope. 
(c) A character  generator  (with 64 character  sets)  a l lows alphanumeric  characters  to  be drawn rap id ly  
under hardware control. The AGT-30 is in t e r f aced  to  an  EMR-6050 d i g i t a l  computer, which i n  t u r n  is 
linked as a hybrid computer t o  several analog computers. 
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HYBRID COMPUTER  COMPLEXES  (CONTINUED) 
ADAGE GRAPHICS  TERMINAL 
1 
Character 
Generator 1 
Graphics 
Console 
t 7 4-1 Generator E b  
D i g i t a l  
Processor 
c I Control I 
1-1 S t i c k  I 
LiJNAR ROVING V B I C L E  SIINLATOR: The Lunar Roving Vehicle Simulator is composed of several modular 
elements, each of which performs a spec i f i c  func t ion .  
Its computer system consists of five large-scale analog computers,  a d i g i t a l  computer, and the necessary 
conversion equipment.  These computers solve the equations representing the forces exerted on the 
vehicle ,  produce dr ive signals f o r  t h e  visual display system and the motion system, and provide data  
a c q u i s i t i o n  and analyses of the driver’s performance. 
A visual disp lay  is generated on a modified SMK-23 which was obtained as excess equipment from t h e  
Air Force. A foam rubber three-dimensional terrain model of a t y p i c a l  rough lunar area was constructed 
in-house on a scale of 1 O O : l .  Ter ra in  sensors, developed in-house, maintain contact with the terrain 
model. Strain gauges at tached to  the terrain sensors  produce vol tages  which are f e d  t o  t h e  computer 
system as ground elevation inputs to the wheels.  A gimbdled optical  system driven from the computer 
provides  v isua l  a t t i tude  cues  whi le  movement of  the  terrain model and the  v iewing  te lev is ion  camera 
provides  the  v isua l  t rans la t iona l  cues .  The view seen by the camera is t e l e v i s e d  t o  a monitor i n   f r o n t  
of t h e  d r i v e r ’ s  s t a t i o n  l o c a t e d  on a six-degree-of-freedom motion system. A v i r t u a l  image lens is 
mounted on the  f ront  of  the  te lev is ion  moni tor  to  provide  a realistic out-the-window view t o   t h e   d r i v e r .  
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LUNAR  OVING  VEHICLE SINLATOR (CONTINUED) 
SMK-23 TERRAIN & LANDING VISUAL  SIMULATOR 
X I 13 mi I 280 mi/h 
Y 6 m i  
z 22 f t  
.2000 f t  
.loo f t  
= 430 f p s  
48  fps  
14  mi/h 
21.5 f p s  
2.4 fps  
PITCH 
ROLL 
45 fps2 1 
= 1.4 g 
25 fps2  YAW 
= .75 g 
ANGLE 
- 9 25" 
= 60" 
corn 
ROTATI 
RATE 
- + 64"/SEC 
- + 172OISE 
- k 115'/SE I ACCEL . - + 100"/SECi - + 500°/SEC2 - + 500"/SEC2 
DEPTH OF FIELD LN THE M O D E  11 i n  ..... INFINITY 
RESOLUTION  HORIZONTALLY: 400 LINES 
OPENING f/55 
FIELD-OF-VIEW 38" VERTICAL X 50" HORIZONTAL 
The d r i v e r ' s  s t a t i o n  which is mounted on t h e  motion system is an accura t e  r ep l i ca  o f  t he  cen t r a l  po r t ion  
of  the  Lunar Roving Vehicle. A pro to type  hand control ler ,  provided by t h e  c o n t r a c t o r ,  is i n s t a l l e d  on 
the  d r ive r ' s  s t a t ion  and  p rov ides  the  d r ive r ' s  i npu t s  t o  the  computer f o r  t h r o t t l e ,  s t e e r i n g ,  and braking 
of  the  vehic le .  Computer outputs  displayed on instruments  to  the dr iver  provide only the vehicle  veloc-  
i t y ,  b u t  i n  the  near  fu ture  will also provide dis tance,  navigat ion,  and power information as required.  
A six-degree-of-freedom motion system provides motion cues t o   t h e   d r i v e r  as he changes speed and direc- 
t ion and as h e  r i d e s  up and down h i l l s .  Complete information is provided i n  p i t c h  and r o l l ,  b u t  t h e  
heading and the three translational motions are "washed-out" so t h k  only accelerat ion cues are f e l t  
by the  d r ive r .  
MOTION SYSTEM  PERFORMANCE 
LINEAR MOTION 
Displacement ( f t )  
Veloc i ty  ( f t l sec)  
Acceleration (f t / sec2)  
ROTARY MOTION 
Displacement  (deg) 
Velocity  (deglsec) 
Acceleration  (deg/sec2) 
~ LONGITUDINAL 
ROLL 
Payload = 20,000 l b .  
VERTICAL 
+3.25,  -2.50 
2 25.8 (? .8g) 
5 2  
PITCH 
+30. -20 - 4 15 
f 25 
5 19.3 (- .6g) 
5 2+ I 
+ 15 
50 
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LUNAR  ROVING  VEHICLE  SIIKKATION  (CONTINUED) 
This total  system has been used to  evaluate  the candidate  hand-control ler  parameters .  These parameters  
are f r i c t i o n  and  breakout  forces  and  loca t ion  of  sof t  s tops  in  the  thro t t le ;  spr ing  forces  and s o f t  s t o p  
l o c a t i o n  i n  t h e  s t e e r i n g ;  t h e  a c t u a t i o n  f o r c e  on the brake; and t he  loca t ion  on the brake of an i n h i b i t  
switch which cuts off drive power when the brake is actuated.  
Studies have been conducted to evaluate the crew s t a t ion  l ayou t ,  con t ro l  conso le  l ayou t  and functions, 
the navigation system, and crew procedures  for  par t icu lar  opera t ions  and system fai lures .  
Some t y p i c a l  programs i n  which t h i s   f a c i l i t y   h a s  shown its s imula t ion  capab i l i t i e s  are l i s t e d  below: 
I I I I PARTICIPANTS  DA ES  SPECIAL  QUIPMENT 
1. ORBITAL ASTR 
DOCKING 
2. SATURN  V. 
CONTROL STUDY 
PILOTED- 
ASTR 
ASTR 3. RESUABLE 
ORBITAL 
TRANSPORT 
1962-64 
(2) TARGET  MOTION  SIMULATOR 
(1) TV WITH RASTER CONTROL 
(3) F-861)  COCKPIT 
1964 CONTROL  PANEL (ASTR) 
1965-66 (1) SbK-23 LANDING SIEN- 
TATOR 
(2) 2-MAN  CREW  STATION 
4. LRV (1) MODIFIED SMK-23 1964-70 ASTH-S 
(2) LUNAR  MODEL 
(3) 6 DOF MOTION  SYSTEM 
(4) FARRAND  PANCAKE 
5. LRV  REMOTE (1) CONTROL  STATION, TV, & 1969-70 ASTN-S 
CONTROL 
(1) 2"AN C W I  STATION 1970- AERO-D 6. SHUTTLE 
TELEMETRY-COHP ASTR-G 
(2) TEST  VEHICLE 
LANDING (2) SMK-43 LANDING SIMULA- 
TOR 
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(2) h (3) OPERABL 
PROJECT  COMPLETED 
I IN 
(1) $350K 
AFRO SHUTTLE (2) $50K (2) $75K 
NOW USED  FOR ShE - (1) $67K 
SIMULATION 
(1) $375K 
(4) $35K (4) $35K 
(3) $240K (3) $24QK 
(2) NIL (2) $40K 
I N  USE  FOR  LRV (1) NIL 
(1) $150K (1)  $llOK CEECKOUT 
(2) $50K (2) $20K 
(1) $75K (1) $50K 
(2) NIL (2) $150K 
I N  OPERATION 
(EST.) 
FACILITY LAYOUT 
@ ~ $ 6  Simulator cockpit 
@ EWR -6050 Hybrid System 
@ D D P - 116 Hybrid System 
@ ATW Simulator 
@ EA1 8900 Hybrid System 
@ Trunking Station No. 2 
14 Dalto O E C  - f1U5 hlde l  Unit (on order) 
I5 Link 6-Degree.af-Freedom lo t ion  System 
16 ATW Visual lotion Control and Interface Room 
17 6 DOF Control Room 
@ Link S W K - 23 Wdel Unit !
V M S  F C Computation Laboratory Physical Simulation Facility 
OPERATIONAL  DIAGRAM 
Relative  Vertical  Displacement of Each Wheel + 
General Purpose 
1 
Computer 
Twdllan Cockpit  Simulation 
I r--- of 
Vehicle 
Dynamics TV Camera 
System Operator Individual Wheel 
I Toque Commands 
I 
I 
lnst I Various Instrument Readings 
I .  I 
L", 1 
Y 
Veh!ci~TraalaJiorgl and Rotational Positions 7 
Typical Simulator Application for a Lunar Roving Vehicle 
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NADC COMPUTER SIMULATION  FACILITY 
REPORTING  INSTALLATION:STATUS OF  .FACILITY: Active 
Naval Air Development Center COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Warminster, Pennsylvania 18974 Systems Analysis and Engineering Dept. 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
Computer S imula t ion  Fac i l i ty  
H. G. Tremblay 
Phone:  1215)  672-9000. ex t  2258 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The  Computer S imula t ion  Fac i l i ty  is a s c i e n t i f i c  computing f a c i l i t y  e s t a b l i s h e d  
to support research, development, test, and evaluation programs as well as management and da ta  process ing  
programs. It performs mathematical  analysis ,  conducts  analyt ical  research and development,  using com- 
puter  and simulator techniques. It operates  central ized computers  and simulators and performs research, 
design, and construction of laboratory computational equipment.  The f a c i l i t y  c o n d u c t s  t o t a l  m i s s i o n  
computer-simulation programs i n  the form of  large,  real- t ime,  man-in-the-loop programs where typ ica l ly  
data flows from an FAI 8812 analog computer through the hybrid equipment and electronic linkage system 
t o  t h e  CDC 6600 d i g i t a l  computer where i t  is operated on. After t h e  d i g i t a l  computer solves the equa- 
t i o n s  f o r  which it is programmed i n  FORTRAN,  COMPASS, or machine language, the data flows back through 
another  separa te  e lec t ronic  l inkage  sys tem and hybrid equipment t o  t h e  a n a l o g  computer and acts as a 
forc ing  func t ion  on the equations which are set up on t h a t  computer. In the hybrid equipment area,  
equipment is designed, developed, and fabricated to_ perform real-time computation and simulation of 
physical systems and to  p rocess  l a rge  quan t i t i e s  o f  expe r imen ta l  da t a .  Development  of techniques and 
software implementation are car r ied  out  on  d ig i ta l ,  hybr id ,  and analog computers. In the data  process-  
i ng  area, technica l  as w e l l  as management-type data processing programs are programmed and operated. 
S igna l  P rocess ing  Fac i l i t i e s  are also provided to  process  data  made i n  t h e  f i e l d  on magnetic tape. 
HYBRID COMPUTER COMPLEX: 
D i g i t a l  - The d i g i t a l  c a p a b i l i t y  i n c l u d e s  two CDC 6600 computer systems sharing 125K of extended core 
storage.  Each  6600 has 65K of central memory, 10 per ipheral  processors  and 12 I j O  channels. Also 
provided are 2 card punches, 3 l i n e  p r i n t e r s ,  3 card readers ,  2 drum s to rage  un i t s ,  a dua l  CRT console, 
8 magnetic tape d t S  (9 channel) and 2 u n i t s  (7 channel), 2 d i sk  files, a graphics tertti€inaI, ana  5 
teletypes. Five 211 remote terminals are provided. An EAI 640 d i g i t a l  computer is provided for extend- 
ing  the  hybr id  capabi l i ty  and  cont ro l  of  the  EA1 8812 computers, and fo r  g raph ic s ,  d ig i t a l  s imu la t ion ,  
and interfacing.  
Graphics - The graphics system is established around two DEC 338 Display Systems. Each Display System 
includes a main display CRT wi th  up t o  8 remote CRT'S; a 16K, 12 bitsilword memory;  two 96K disks; an 
ASR 33 teletype; 64 channels of A/D; 3 channels of D/A; 36 switches (remote); a high speed paper tape 
reader/punch; a 12-bit/word interface; 24 smitches (local); and a high speed mult iply/divide capabi l i ty .  
An Evans and Sutherland high speed display and slave Vector Generator is also provided. 
Analog - Four f u l l y  expanded and one p a r t i a l l y  expanded EA1 8812 analog computers are provided. These 
computers are in t e r f aced  wi th  the  CDC 6600 and EA1 640 d i g i t a l  computers. 
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
.TIME  (TYPICAL  8-HOUR SHI 
CONTRACTOR: Not Available LOCATION: Not Available 
IMPROVEMENTS AND COSTS: Not Available 
CONSTRUCTION YEAR: Not Avail. COST $ Not Available 
FT): Not u b 3 m  ESTIMATED  REPLACEMENT  VALUE $ 
1 
PLANS FOR FACILITY  IMPROVEMENTS: Not Available 
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HYBRID COIPUTER COMPLEX  (CONTINUED) 
Function Generation - An ACFG (Analog Computer Function Generator) is provided t o  g e n e r a t e  a r b i t r a r y  
functions of from one to  th ree  inpu t  va r i ab le s  us ing  Rub in ' s  and Chapelle's methods. In a d d i t i o n  t o  
its high speed of operation, which prevents unwanted phase problems and yields the same accuracy for  
both rapidly and slowly changing independent variables,  the ACFG combines the r e p e a t a b i l i t y  and change- 
over  speed of  the digi ta l  computer  with the rapidi ty  of  paral le l  analog computat ions.  The ACFG is  
accura t e  s ince  it may store approximately 25,000 function values i n  its d i g i t a l  s e c t i o n .  It is  con- 
t i nuous  in  a piecewise l inear sense along any line o f  s ing le  va r i ab le  and provides a continuous hyper- 
bo lo ida l  su r f ace  between the four breakpoints.  T h i s  approach yields  fas t  generat ion of  cont inuous 
functions coupled with t h e  extreme accuracy of a d i g i t a l  computation. 
SPECIAL SII.IIILATIONS: 
Aircraf t  and Air  Weapon System Simulation - Analog and d i g i t a l  computers are used with sophis t icated 
in te r face  and  d isp lay  e.quipment t o  combine the best  features  of  analog and digi ta l  computat ion for  
man-machine a i r c r a f t  and weapons systems s tud ie s .  A t y p i c a l  weapons system simulat ion uses an EA1 8812 
Analog Computer, a CDC D i g i t a l  Computer System, a simulated cockpit ,  a DEC 338 Programmed Buffered 
Display System, DfA and AID converters  and miscel laneous hybrid and display per ipherals  to  comprise  
t h e  o v e r a l l  real-time simulation. 
Air-to-Air Combat Simulation - The Air-to-Air Combat Simulation was developed to  provide  the  Navy a 
too l  fo r  s tudy ing  v i sua l  air combat be tween oppos ing  f igh ter  a i rc raf t .  Due t o  t h e  s i g n i f i c a n t  
i n f l u e n c e  o f  t h e  f i g h t e r  p i l o t  on t h e  n a t u r e  and outcome of combat i n  t h i s  environment,  the simulation 
has taken the form of a two-cockpit,real-time device i n  which p i lo t s  can  engage  in  one-to-one dogfights.  
Resul t s  are then subjected to  var ious types of  analysis  i n  the  gene ra l  areas of f i g h t e r  aircraft 
performance engagement tactics o r  weapon s y s t e m   u t i l i z a t i o n .  
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FACILITY LAYOUT 
x x x x x x x x x  x x x x x x x x  
""_" ""_ "" "" "" 
I 
OPERATIONAL DIAGRAM 
I BIJ 360125 (to be phased  out) 
Access Aisle 
Two CDC 6600's 
Simulation  Area * 
C D  C 3300 (lo be phased oul) 
Xerox 
Consumables  Storage 
User Interlace 
User Ollice 
Ramp 
E A  I Room 
Keypunch Room 
Oflices 
CS F L i n  Ollice 
* (5) E A 1  8812 Analog Computers 
Special Hybrid Equipmenl. 
Analog Function Generator. 
(2) PDP8's and Graphics 
Displays. Cockpits. 
Air-todir Combat  Simulation 
Hardware Fast Fourier 
Translorm 
Cockpits 
I 
Direct  Analog  Discrele 
I/O Syslem Inkrconned Disaek 
E A 1  EA1 E A 1  
8812  640  8812 
I I 
6600 
CDC  CDC - 6600 
t t a h r e  A/p CPU  CPU 
Tnmlm 17m 
Fast Fourier CDC - I I 
I I I 
I I 
65K 
CIJ 
ECS 
CTL 
65K 
C I  
4)DEC338 10 PPU 
125K 
ECS 10 PPU 
visual Display Gen 
Terrain fkdeodel 
Horizon Ecdels 
12 I/O Channels 12 I/D Chnnels 
I I 
Generator 
Funcllon 
I 
6881  6681 6681 
DCC  DCC  DCC  DSC 
6681 
DCC DCC 
6671 6681 
I 'I I I I 
I I I '  
3837 6612 3518-2 3553 
OR CTL Disp 
5 Dala 
LIT CTL DS CTL Sels 
(2) 415 (3) 405 (2) 865 (8) 659 P) 657 (2) 821-1 
C  Punch  C  Read Drum B T a p  ftl Tape OS File 
Graphics 
L Rinler Terminal  Teletypes 
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NAR ENGINEERING  SIMULATION AND COMPUTING  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
North American Rockwell Corporation 
Columbus Division 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
Columbus. Ohio  43216 
Department 65 4300 E. F i f t h  Avenue 
Missiles Research and Engineering 
Engineering Computing Laboratory, Simulation  Laboratory, 
J. C. Haliano, Group  767 L. H. Gale, Group 767 
Phone:  (614) 231-1851 
OTHER  SOURCES  OF  INFORMATION: LOCAL OFFICE TO CONTACT  FOR  INFORMATION: 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Simulation Laboratory is a general-purpose faci l i ty  equipped to  s imulate  
manned and unmanned veh ic l e  real-time motion dynamics. It cons i s t s  of an analoglhybrid computing 
f a c i l i t y ,  a visual f l i g h t  s i m u l a t o r  (VFS), a t a c t i c a l  weapons simulator (TWS) and a four-degree-of- 
freedom dynamic f l i g h t  s i m u l a t o r  (DFS). 
ANALOG/HYBRID  COMPUTING FACILITIES: Automated s imula t ion  services are provided  for  the  v isua l ,  phys ica l ,  
and funct ionalmock-upfaci l i t ies  within the s imulat ion and development  laborator ies .  Also,  analyt ical  
and computational services are provided  for  a l l  types of engineering design and research problems in- 
volving mathematical simulation. Basic d i s c i p l i n e s  employed are s t r u c t u r a l  dynamics  and  aerodynamics i n  
d e a l i n g  w i t h  p r o b l e m s  i n  a e r o e l a s t i c i t y ,  l o a d s ,  s t r u c t u r a l  a n a l y s i s ,  s t a b i l i t y  and performance ana lys i s  
and  optimization. The f a c i l i t y  c o n s i s t s  o f  t h e  f o l l o w i n g  components. 
D i g i t a l  - Three high-speed digital computers (DDP-19,  DDP-24 and EA1 8400) are each capable of 
"Stand-Alone" process ing  or  fu l ly  in tegra ted  hybr id  opera t ion .  (a) The  Computer Control Company 
(CCC) DDP-19 sys tem fea tures  32 b i t ,  32K core  memory, lmicrosecond cyc le  time, a rea l - t ime in te rva l  
t imer,  a 32 l e v e l  p r i o r i t y  i n t e r r u p t  system, an automatic data channel processor, a 600 lpm l i n e  
p r i n t e r ,  a 100 cpm card punch, an 800 cpm card reader ,  four  800 bpi  magnet ic  tape  uni t s ,  a 500 cps 
paper  tape  reader,  and a 110  cps  paper  tape punch.  (b) The Computer Control Company (CCC) DDP-24 
system provides a 24 b i t ,  12K core  memory, 5 microsecond cycle time, an 8 l eve l  i n t e r rup t  sys t em,  
e i g h t  110 channels, a real-time clock, a fu l ly  buf fered  channel ,  a 24 b i t  d i g i t a l  r e s o l v e r ,  and a 
l inkage system consis t ing of  thir ty- two 12 bi t  A t o  D channe l s ,  s ix t een  12  b i t  D t o  A channels, and 
an analog command decoder. (c) The Electronics   Associates ,   Inc.  (EA1 8400) provides a 32 b i t ,  32K 
core  memory, 1 microsecond cycle time, a real- t ime interval  t imer ,  a 32 l e v e l  p r i o r i t y  i n t e r r u p t  
system, an automatic data channel processor,  a 600 lpm l i n e  p r i n t e r ,  a 100 cpm card punch, an 800 cpm 
card  reader ,  four  800 bpi  magnet ic  tape  uni t s ,  a 500 cps paper tape reader, and a 110 cps paper tape 
punch. 
Converters - Analog-to-digital and digital-to-analog conversions are contained in the linkage systems 
o f  t he  DDP-19 and DDP-24 computers. Additional conversion is provided by an Electronic  Associates ,  
Inc. (EA1 8930) system which c o n s i s t s  of thirty-two 14 b i t  A t o  D channels with S and H, thirty-two 
1 4  b i t  A t o  D channels without S and H, and thirty-two 15 bit  multi-digital-to-analog channels.  
Analog - One o r  more f u l l y  expanded analog computers are ava i l ab le  and are capable of being controlled 
by a d i g i t a l  computer  (Analog Computer BB-1100 o r  EAl231-R). Analog  equipment avai lable  includes:  
13 consoles ,  904 amplif iers ,  540 inverters ,  38 servo  mul t ip l ie rs ,  76 servo  reso lvers ,  36 pot padding 
channels, 254 e l ec t ron ic  mul t ip l i e r s ,  208 manual diode function generators, 40 card programmed diode 
funct ion generators ,  22 six and eTght channel recorders, 11 X-Y plot te l ' s ;  2 analog magnetic tape 
recorder/reproducers, 1530 hand-set potentiometers, 200 servo-set  potentiometers,  and  4 e l ec t ron ic  
resolvers.  
FACILITY COST  HISTORY 
AVERAGE  STIMATED  OPERATING CONSTRUCTION  YEAR: 1960-68 COST $5,726,000 
CONTRACTOR: NAR Columbus Division LOCATION: Columbus,  Ohio 
IMPROVEMENTS AND COSTS: (1969)  Three-degree-of-freedom  motion  platform,  Cost  $10,000;  (1970)  Servoed 
optical head, Cost $80,000. 
COST  ( YPICAZ.  8-HOUR SHIFT): $4900 ESTIMATED  REPLACEMENT VALUE $6.500.000 
PLANS  FOR FACILITY  IMPROVEMENTS: Improve camera transport  performance, and improve visual displays.  
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VISUAL FLIGHT SIMULATOR: T h i s  device uses  a c losed -c i r cu i t  t e l ev i s ion  sys t em to  g ive  the  p i lo t  a six- 
degree-of-freedom motion p i c t u r e  o f  t h e  v i s i b l e  terrain. The p i l o t  is thus  subjec ted  to  a dynamically 
r ea l i s t i c  s imula t ion  o f  t he  appropr i a t e  v i sua l  cues .  
The p i l o t   " f l i e s "   h i s   m i s s i o n   w h i l e   s i t t i n g  i n  a fu l l - sca l e  cockp i t  which i s  i n s t a l l e d  i n  the  p ro jec t ion  
room. He views a continuously changing picture projected onto a sc reen  in  f ron t  o f  t he  cockp i t .  H i s  
opera t ion  of the cockpi t  controls  sends analog s ignals  to  the computer  which,  in  turn,  var ies  the panel  
instruments and also causes a t e l e v i s i o n  camera to  fo l low the  exact f l i g h t  p a t h  and a t t i t u d e  of  the 
vehicle.  The camera views the model t e r r a i n  and dup l i ca t e s  t he  p i lo t ' s  v i ew as  seen  from an a i r c r a f t  
f l y i n g  t h e  f l i g h t  p a t h  h e  is cont ro l l ing .  This p i c t u r e  is t r ansmi t t ed  to  the  p ro jec to r  and the  sc reen  
f o r  d i s p l a y  t o  t h e  p i l o t .  
Applicat ions include VTOL a i r c ra f t  s imu la t ion ,  l una r  l and ings ,  TV-guided missile s tud ie s ,  and ca r r i e r -  
approach investigations.  
Ter ra in  Model - The simulator uses three-dimensional terrain models of the desired scale mounted 
v e r t i c a l l y  on removable carts. The terrain models can be changed i n  15 minutes for new problems. 
Content and scale of t he  model  can be designed and fabricated to  adapt  the presentat ion to  require-  
ments of the specific study. Terrain models presently available include the following: 
Model Sca le  
Ear th  terrain 600:l 
Ea r th   t e r r a in  3,OOO:l 
Mid-Ohio t e r r a in   1 ,200 : l  
Camera Transport  Assembly - The camera transport  assembly controls  the at t i tude and posi t ion of t h e  
camera which provides a continuously moving p i c t u r e  of t h e  t e r r a i n  model. The camera has  s ix  degrees  
of freedom within the following limits: 
Linear Motion Angular Notion 
X 36 f t  P i t c h  2 70" * +45', -90" 
Y 6 f t  Ro l l  2 165" * Continuous 
z 4 f t  Yat7 -f 330" * Continuous 
Control Console and 14onitor - The control  console  includes a te levis ion monitor  and the necessary 
con t ro l s  fo r  ope ra t ing  and monitoring the camera t ranspor t .  
Cockpits - Fixed-base,  full-scale cockpits are provided with longi tudinal ,  lateral, d i r ec t iona l ,  and 
t h r o t t l e  c o n t r o l s  and a complete instrument panel. The instruments can be quickly changed, the panel 
r ead i ly  ad jus t ed  ve r t i ca l ly  and  the  t i l t - ang le  changed t o  s u i t  d i f f e r e n t  v e h i c l e  c o n f i g u r a t i o n s .  
Conventional controls are ava i l ab le  fo r  f ixed  and  ro t a ry  wing a i r c r a f t ,  and r e a c t i o n  c o n t r o l s  f o r  
spacec ra f t .  Ad jus t ab le  s t i ck  f ee l  and t ravel  can be provided.  A two-way communication c i r c u i t  i s  
i n s t a l l e d  i n  t h e  c o c k p i t  t o  p r o v i d e  v o i c e  communication between t h e   p i l o t  and the computer operator. 
A s ing le-sea t  a i rc raf t  cockpi t  and  a tmo-seat spacecraft  cockpit  are ava i lab le .  
A typical automobile driver 's  compartment mounted on a three-degree-of-freedom (pitch, r o l l  and heave) 
motion platform is a l so  ava i l ab le .  
Pro jec tor  - The p ro jec to r  accep t s  t he  p i c tu re  seen  by t h e  t e l e v i s i o n  camera and displays it upon a 
screen  which is v i s i b l e  t o  t h e  p i l o t .  The p ro jec to r  is capable of bo th  f ront  and  rear  sc reen  pro jec-  
t i o n  and may be  r ead i ly  r epos i t i oned  to  su i t  t he  r equ i r emen t s  of the  par t icu lar  s imula t ion  se tup .  
A servoed star f i e l d  p r o j e c t o r  is a v a i l a b l e  f o r  s p a c e  f l i g h t s .  
Presentat ion Screen - A 12 x 16 foot glass-beaded screen is placed approximately i n   t h e   p i l o t ' s   l i n e -  
of-sight when he  is  sea ted  i n  the cockpi t .  Normal field-of-view i s  about 50". The p i c tu re  t r ans -  
mit ted by the camera t o  t h e  p r o j e c t o r  is d i sp layed  on  th i s  p re sen ta t ion  sc reen  to  p rov ide  the  v i sua l  
c u e  t o  t h e  p i l o t .  
*Il i th 60" field-of-view servoed optical  head. 
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TACTICAL  WEAPONS SIMULATOR: This device,  consisting of a l a r g e  camera transport  assembly and associated 
t e r r a i n  models ,  provides  longer  durat ion f l ight  s imulat ion with a l a r g e r  scale t e r r a i n  model. Its 
opera t ion  i s  similar to  the Visual  Fl ight  Simulator ,  and the device incorporates  the same cockpi t s ;  
however, t he  camera t r a v e l s  are grea t ly  increased  over  those  of the Visual Flight Simulator.  It has 
been used for  V/STOL s tud ie s ,  fo r  l and ing  s tud ie s  r equ i r ing  a longer approach, for midcoutse missile 
guidance and control, and for spacecraft rendezvous and doclclhg. A device which simulates atmospheric 
'a t tenuat ion has  been developed to  provide for  more realistic simulation of t h e  t a r g e t  i d e n t i f i c a t i o n  
problem. The performance capabi l i t ies  of t he  s imula to r  are presented below. 
Terrain Scale:  3,OOO:l 3-dimensional,  colored 
Terrain Size:  41'3" x 81'6'' with a 40-ft diameter 
r o t a t a b l e  c e n t e r  s e c t i o n  
Terrain Ty-pes: I n c l u d e s   f l a t ,   h i l l y  and  mountainous  areas 
Camera Limits:  Linear  Mo ion  Angular Motion 
X 70 f t  Rol l  f 165" * +45", -90" 
Y 32 f t  
7. 11 f t  
P i t ch  f 70" * Continuous 
Yaw 2 330" * Continuous 
Display: TV mon i to r   l a rge   s c reen  TV pro jec t ion  
TESTING  CAPABILITIES: The Simulation Laboratory was or iginal ly  designed to  provide a f a c i l i t y  f o r  test, 
.evaluation and development of a i r  and space vehicular systems. The subsequent evolution of t h e  f a c i l i t y  
provides  capabi l i ty  of  s imulat ing internal and external environment and motion dynamics related v i r tua l ly  
t o  any vehicular system. Simulation studies which may be conducted include physiological evaluations 
using a Gseat s imula tor ,  func t iona l  eva lua t ions  of  cont ro l  sys tems,  s t ruc tura l  dynamic eva lua t ions ,  
h a n d l i n g  q u a l i t i e s ,  s t a b i l i t y  and performance evaluations,  and evaluations of e lectronic  systems in-  
cluding communication systems, antennas, marine systems and simulators.  
F9UR-DEGREE-OF-FREEDOM DYNAMIC FLIGHT  SIMULATOR: This device  cons is t s  of a one-man cockpit  which 
contains a l l  normal f l i gh t  con t ro l s ,  i n s t rumen ta t ion ,  and switches,  and a cathode ray tube display or 
a television monitor.  The cockpit  i s  provided with vertical ,  pitch,  side,  and roll  freedoms which 
permit realistic rates and acce lera t ions  cor responding  to  typ ica l  f l igh t  condi t ions .  
The cockpit motions are controlled through an analog computer which receives inputs from the pilot- 
ope ra t ed  f l i gh t  con t ro l  and s tab i l iza t ion  sys tems.  
o Moving displays using TV, f i lm or  s l ides  provided  on  an ex te rna l  s c reen  24 f e e t  wide by  30 f e e t  
h igh  can  be  provided  to  the  p i lo t  as well as convent iona l  or  ( f i lm s l ide)  pro jec ted  ins t rument  
panel  displays,  te levis ion monitor  display,  and a special  cathode ray tube display.  
MOTION SYSTEM  PERFORMANCE: 
Linear Motion La te ra l   Ver t i ca l  Longitudinal 
I I I 
Displacement  (f t ) 
*Velocity  (f   t /sec) 
*Accelerat ion (f t /sec2)  
~ None I 
14 
2 161** f 22.5 I 
Rotary Motion Yaw P i t ch   Ro l l  
Displacement  (deg) 
*Velocity  (deg/sec) 
*Acceleration  (deg/sec2) 
f 40 
2000 
1200 
15 
50 
1000 None I 
I -  I I I -  1 
*Values ind ica ted  are maximum ** 5 5g (about 1-g ea r th )  
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FACILITY LAYOUT 
1 TWSArea 5 VFS Area 9 Electronics Lab 
2 Shop Area 6 TWS, VFS Control Room 10 Aircraft Functional fhdtup 
3 Special Effects Room 7 Projection Room 11 Office and Drafting Area 
4 Wide Angle Projection 8 Variable Parameter TV Room 12 4 DOF "g" Seat 
Computer Area (Not Shown) Located on Floor Directly Above the Laboratory Area 
OPERATIONAL DIAGRAM 
1 
I Printer 
DDP-24 
Prinfa 
DDP-19 Tape Deck 
13 Analog 
Consoles 
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NAR FLIGHT AND SYSTEMS  IMLTLATION  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
North American Rockwell Corporation COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Los Angeles Division 
Los Angeles.  California 90009 
In te rna t iona l   Ai rpor t  
Research and Engineering, Dept. 056 
F l igh t  and System Simulation, 
NAR Report NA-69-845 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
F l igh t  and Simulation Laboratory 
Group  094 - K. J. Dyda, Supervisor 
Phone:  (213) 670-9151, ex t   1881 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The F l igh t  and Systems Simulation Laboratory is housed under one roof covering 
22,000 square feet  of working area. Th i s  f ac i l i t y  p rov ides  dynamic representat ion of  manned a i r c r a f t  i n  
a realistic and accurate environment. The laboratory houses  several  s imulat ion devices  including a 
hybrid computer  faci l i ty ,  a hover and t r a n s i t i o n  (HOTRAN) simulator,  a t r anspor t  a i r c ra f t  s imu la to r  (TAS), 
a v e r t i c a l  Gseat, a c losed  c i r cu i t  t e l ev i s ion  (CCTV) visual  display system, and  numerous support areas. 
C r e w  s ta t ions can be equipped with a v a r i e t y  of sophis t icated instrument  and c o n t r o l  c h a r a c t e r i s t i c s  
special ly   developed  for   s imulators   capable   of   actual   a i rcraf t   performance.   These  include:   (a)  a heads- 
up d isp lay  (HUD) wi th  a h i g h l y  f l e x i b l e  symbol r e p e r t o i r e  and complete computer control; (b) an extensive 
instrument array including a v e r t i c a l  s c a l e  i n d i c a t o r  (VSI) ( t ape l ine ) ,  an  a t t i t ude -d i r ec t ion  ind ica to r  
(ADI), and scope displays; (c) cont ro l  loading  force  servos  w i t h  programmable l i n e a r  and ngn-linear 
cha rac t e r i s t i c s ;  (d) an  aura l  cue  genera tor .  Also, terrain, horizon and ta rge t  d i sp lays  can  be  routed  to  
any of ,the crew s t a t i o n s .  
COMPUTER FACILITY: The computer facil i ty  provides  real-t ime  control  of  simulator  dynamics.  The compu- 
ter system solves a l l  variables and equations of the simulated aircraft mathematical model, generating 
e l e c t r o n i c  s i g n a l s  t h a t  c o n t r o l  all f l igh t  ins t ruments ,  v i sua l  sys tem servos ,  and motion system actua- 
tors  of  the s imulator .  This  completely integrated hybrid complex cons i s t s  of a l a r g e  d i g i t a l  computer, 
and  eight  analog  computers. They are connected to each other through converters.  The analog  computer- 
can be operated separately or under hybrid system control.  
D i g i t a l  - The d i g i t a l  computer i s  a general  purpose Model XDS 9300 with a core memory of 24,576 words 
(expandable to 32,768 words), a disk storage of 524,288 characters (expandable to 2,097,152 charac- 
ters), a word length  of 24 b i t s  ( f i x e d  p o i n t )  or 48 b i t s  ( f loa t ing  poin t ) ,  an  input -output  rate of 
over 570,000 words per second, 96 analog-to-digital and 96 digital-to-analog data converters,  real-t ime 
fea tures  of  16  ( in te r rupts )  c lock  pulse  genera tor ,  and  a cyc le  time of  1.75  microseconds. Programming 
languages used are Real-time Fortran and DES-1 Symbolic. 
Analog - The analog half of the hybrid system.consists of eight general-purpose analog Computers, 
Model EA1 231-R.  Some spec i f i ca t ions  inc lude  +lOO-Volt reference, DC s igna l ,  100  l i nea r  ampl i f i e r s  
per console,  up t o  56 mul t ip l ie rs  per  console ,  up t o  twenty 10-segment funct ions per  console  and a 
"Universal Non-linear Element" (UNE) h ighly  versa t i le  func t ion  genera tor  or  mul t ip l ie r  se t .  
FACILITY COST  HISTORY 
AVERAGE ESTIMATED  OPERATING 
CONTRACTOR:  N R, Los  Angeles  Divi ion LOCATION: Los Angeles, Cal i forn ia  
ESTIMATED  REPLACEMEm  VALUE $ Available COST  ( YPICAL  HOUR SHIFT.): Not Available 
CONSTRUCTION  YEAR: 1952 COST $ Not 
IMPROVEMENTS AND- COSTS: -(1956) Central computer room; (1959) Maintenance and-repair  facil i ty;  
(1961) Transport  simulator;  (1965) BOTRAN simulator;  (1968) D i g i t a l  computer i n s t a l l a t i o n  (Hybrid 
Capabili ty).  
I 
PLANS  FOR FACILITY  IMPROVEMENTS: 'None 
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COI4PUTER  FACILITY  (CONTINUED) 
DATA HANDLING: A wide range of digital  and analog data handling, recording, duplicating, and displaying 
equipment is ava i lab le .  A few examples are: 
o Line  printer  (1) ,000  l ines  per  minute o Keyboard pr in te r   10   charac te rs   per   second 
o Card reader   (1)  400 cards  per  minute o Oscil lograph (11) 8 channels 
o Card  punch 300 cards  perminute o D i g i t a l   p l o t t e r  300 steps  pers cond, X-Y 
o D i g i t a l  tape (3)   7  t rack,  800 b i t s   p e r   i n c h  
or t ime base 
a t  75 inches  per econd o Analog p l o t t e r  11 by 17  inches  (3) 
36 by 36 inches (1) 
o Analog tape  (2)  14  channels 
o CRT d i sp lay  64 channel symbol generator 
Analog FI.1 tape  da ta  is sampled and d i g i t i z e d  a t  an  e f f ec t ive  rate of 38,000 samples per second. Use of  
sample-hold  amplifiers  prevents  skewing.  Inter-range  instrumentation  group (IRIG) time codes are used 
t o  select tape sections within 6 microseconds of the real-time posi t ion.  Transcr ipt ion accuracy is 
98 pe rcen t   ove ra l l .  
SPECIAL SIMJLATION  HARDWARE: Displays have been designed and fabricated to  provide f l ight  information 
as an  op t i ca l  s t imu lus  to  the  ope ra to r  i n  the  form of instrumentation and ex te rna l  v i sua l  p re sen ta t ions .  
A c l o s e d   c i r c u i t   t e l e v i s i o n  (CCTV) system may be used with any te levis ion projector  or monitor and con- 
sists of a se rvo-d r iven  t e r r a in  be l t  map, optical  probe, television camera,  and Schmidt projectors.  
Three projection systems are avai lable  and can be used ei ther  separately or  s imultaneously.  
Ter ra in  - The t e r r a i n  model p rov ides  1250 : l  s ca l ed  h i l l y  t e r r a in  and a i r p o r t  complex. A point  source 
of l i g h t  p r o j e c t s  a large servo-driven t ransparency model onto a 200 by  90 degree screen.  Project ion 
s c a l e  f a c t o r s  from 375:l t o  60,OOO:l are ava i lab le .  
Horizon - Another  point  source l ight  projects  a horizon and the upper atmosphere. 
Target - A TV p ro jec to r  and gimballed mirror cast  the image of a maneuvering CRT - generated target  
model over  the complete  f ie ld  of  viet7. 
G-SEAT: The Gseat t7as developed t o  i n v e s t i g a t e  human fac to r s  i n  v ib ra to ry  env i ronmen t s .  The device 
cons is t s  of  a s i n g l e - p l a c e  p i l o t  s t a t i o n ,  c o n t r o l s ,  and an instrument panel, a l l  mounted on a hydrau- 
l i c a l l y  a c t u a t e d  l e v e r  arm. Vertical acce le ra t ion  capab i l i t y  is 2.50 feet/second2. 
HOTRAN SIMULATOR: The HOTRAN s imulator   provides   three  interchangeable   cockpi t   configurat ions.  They 
are a VTOL s ingle-sea t  cockpi t ,  a l a r g e  VTOL t r a n s p o r t  p i l o t  s t a t i o n  and a fighter systems cockpit ,  any 
one of which may be mounted on a three-degree-of-freedom motion base. The cockpi t s  may be equipped 
with any of the special instrument, control, computer, and d isp lay  devices  for  accura te ly  s imula t ing  air- 
c r a f t  performance character is t ics .  
COMBINED VISUAL  DISPLAY MOTION PERFONWCE: 
Field of V i e w  Elevation Azimuth 
t 100" +30°, -60" 
Scene At t i t ude  Yaw Rol l   P i tch  
+29', -22" 2 540" 2 25" 
Flying Volume 
2 70 in.  
Al t i t ude  * Lat i tude  * Longitude * 
0 to  9  in .  5 70 i n .  
Target  Bearing  Elevation Azimuth 
2 90" +30°, -60" 
~ ~ 
Target Range 
Continuous Rotation on Three Axes Target  Att i tude 
300 t o  30,000 f t  
(Aspect) 
* Linear  f igures  are mul t ip l ied  times sca l e  f ac to r .  
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HOTRAN SIMULATOR  (CONTINUED) 
MOTION  SYSTEM  PERFORMANCE: 
Linear Motion La te ra l  Ver t i ca l  Longitudinal 
Displacement (f t) 
Unknown Acceleration  (f   t /sec2) 
4 .83 Velocity (f t/sec) 
None - + .5 None 
Rotary  Motion  Roll  Pitch Yaw 
Displacement  (deg) 
unknown  Unknown Acceleration  (deg/sec2) 
None 2 8  2 40 . - + 20 2 20 Velocity  (deglsec) 
TESTING  CAPABILITIES: HOTRAN was  or ig ina l ly  deve loped  to  s tudy  hover  and  t rans i t ion  phases  of  ver t ica l  
takeoff and landing (VTOL) aircraft bu t  i ts capab i l i t y  has  been  ex tended  fo r  t he  en t i r e  r ange  o f  t ac t i ca l  
a i rcraf t  s imulat ion,  including convent ional  f ighters .  
TRANSPORT  AIRCRAFT  SIMULATOR: The TAS system consis ts  of a side-by-side dual seat cockpit which is 
mounted on a two-degree-of-freedom motion base. The cockp i t  f ea tu re s  modular construction, reconfigurable 
instrument panels and a c losed -c i r cu i t  t e l ev i s ion  v i sua l  (CCTV) system, a l l  of which is programmed v i a  
t h e  computer f a c i l i t y .  
VISUAL  DISPLAY MOTION: 
1 Linear  Motion . I Longitudinal I . Vert ica l .   La tera l  I 
Range (miles) 
unknown Acceleration (ft /sec2) 
unknown Velocity (f t/sec) 
8.2 0-. 151 
Unknown 
Unknown 
I Rotary  Motion I Rol l  I Pi t ch  I Yaw I 
Displacement  (deg) 
Acceleration  (deg/sec2) 1 U:L:m Velocity  (deg/sec) 5 150 f 60 Unknown  Unknown 
MOTION  SYSTEM  PERFORMANCE: 
1 Rotary  Motion I Rol l  I Pi t ch  I Yaw 1 
Displacement  (deg) 
Unknown  Unknown Acceleration (deg/sec2) 
Velocity (deg/sec) 
+16, -8 5 15  None 
2 4  + 10 -
TESTING  CAPABILITIES: The TAS was or ig ina l ly  des igned  and  developed  to  de te rmine  the  va l id i ty  of  
using motion base s imulat ion to  predict  j e t  t r anspor t  l and ing  impac t  cha rac t e r i s t i c s .  Th i s  s imula to r  
has  been used for  handl ing qual i t ies ,  control  and display research and V/STOL transport  research.  Some 
o f  t h e  a i r c r a f t  f o r  which simulations have been made are the  XB-70, d e l t a  and swing-wing SST and the  
C-5A. 
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F A C I L I T Y  LAYOUT 
1. HOTRAN 
2. Display Generator 
3. Transport Aircraft 
Simulator .VAS) 
4. GbSeat 
5. Shop k e a  
6. Engineering Office 
7. Technical Laboratory 1 8. Computer  Room > 
OPERATIONAL DIAGRAEI 
Transport 
Simulator 
I '  
HOTRAN B-1 Flight 
Point 
Light I CCTV ---J I I I 
- E A 1  Linkage 
231 43 231-R 
." 
E A 1  - 
I 
- E A 1  - XDS - - EA1 
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NAR E'LIGHT  SIMULATION  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF FACILITY: Active 
North American Rockwell Corporation 
Space Division 
COGNIZANT ORGANIZATIONAL  COMPONENT: 
12214 Lakewood Boulevard 
F l i g h t  Technology,  Dept.  190 
OTHER  SOURCES  OF  INFORMATION: 
Downev. California  90241 
F a c i l i t i e s  and Industr ia l  Engineer ing,  
J. M. Robertson, Mail Code DA25 Dept.  085, D. T. Young, Mail Code AD62 
Flight Simulation, Dept. 190 
LOCAL  OFFICE TO CONTACT  FOR  INFORMATION: 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The Flight Simulation Laboratory provides functional simulation support  to the 
var ious  pro jec ts  of the Space Division. The equipment includes both analog and d i g i t a l  computers, fixed 
base crew s t a t i o n  mock-ups w i t h  a c t i v e  c o n t r o l s  and d isp lays ,  v i sua l  d i sp lay  genera t ion  and presenta t ion  
equipment, a dynamic motion simulator, and special-purpose simulation equipment. 
Veh ic l e  cha rac t e r i s t i c s  and major subsystems can be simulated either unmanned o r  man-in-the-loop. For 
man-in-the-loop s imulat ions,  the crew s t a t i o n s  are interconnected to  e i ther  analog or  hybrid computer  
systems for real-t ime problem solution. Computer s igna l  ou tputs  can  be  used  to  dr ive  the  v isua l  d i s -  
plays for  operator  visual  cueing.  The space mission fl ight phases which can be simulated with visual 
cueing are boos t  abor t s ,  o rb i t a l  maneuvers, navigational problems, rendezvous, docking, entries and 
l and ings  on  e i the r  ea r th  o r  moon. 
The f a c i l i t y  is comprised of fou r  main simulation enti t ies:  computers and their  peripheral  equipment,  
crew s t a t i o n s ,  e x t e r n a l  v i s u a l  d i s p l a y s  and special-purpose equipment. 
COMPUTER  COMPLEX: 
D i g i t a l  - One d i g i t a l  computer is an XDS 9300 with 32K memory, 8 110 channels, 64 p r i o r i t y  i n t e r r u p t s ,  
4 t ape  un i t s ,  a l i n e  p r i n t e r ,  a card reader,  and a card punch. A second XDS 9300 is leased and is 
interconnected to the above machine.  
PBC-3005. 
Converters - Analog-digital and digital-analog conversions are provided by an ADAGE 406.2 and a 
Analog - The 1688 amplifier analog computer system includes 12 EA1 231-R1s, 3 EA1 TR-48'sY 1 Beckman 
300, and 2 EA1 350 digi ta l  operat ions systems.  
CREW STATIONS: The f a c i l i t y  i n c l u d e s  two Apollo-type command modules, one with window and sextan t -  
telescope visual displays,  and one general  purpose crew s t a t i o n  which may be configured with various 
cont ro ls  and d i sp lays  fo r  spec ia l  s tud ie s .  
VISUAL  DISPLAY  SYSTEMS: 
Earth-Moon System - This  system consis ts  of  a 6 foot  diameter ,  high resolut ion-rendered ear th  globe 
w i t h  v a r i a b l e  i n c l i n a t i o n  c a p a b i l i t y  and ro t a t ab le  abou t  t he  po la r  axis and a n  o r b i t a l  axis; a 4 foot  
diameter moon globe; and a t ransport  system carrying a TV camerahear object probe system. The system 
is computer controlled and can provide visual cues for orbital  and trajectory problems. 
S ta r f ie ld  Genera tors  - A 24 inch diameter ,  gimbal led s tarf ie ld  globe with 1353 posi t ioned s tars ,  
together  with a TV sys tem,provides  ce les t ia l  scenes  for  spacecraf t  o r ien ta t ion  and naviga t iona l  
s tud ies .  A second celestial sphere provides  navigat ional  cues  for  the general-purpose crew station. 
FACILITY  COST  HISTORY 
AVERAGE  STIMATED  OPERATING 
COST  ( YPICAL  8-HOUR SHIFT): $8600 
CONSTRUCTION YEAR: 1964-69 COST $ 7,000,000* 
IMPROVEMENTS AND COSTS:  No major  addi t ions s ince 1969. 
CONTRACTOR: NARY Corporation LOCATION: Downey, Cal i forn ia  
ESTIMATED  REPLACEMENT  VALUE $11,000,000 
*Estimate 
PLANS  FOR  FACILITY  IMPROVEMENTS: Improved  and  expanded visual  display system during 1971;  Integrate  
small special  purpose computer into complex during 1971. 
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VISUAL DISPLAY  SYSTEMS  (CONTINUED) 
General-Purpose  Visual  System - This  system  is  composed  of  one  three-dimensional  moonscape  panel 
12'  x  12',  400:l  scale;  one  three-dimensional  moonscape  panel 10' x 20',  1500:l  scale;  a  two- 
dimensional  landing  field  representation  15' x 56', 720:l  scale;  one  two-dimensional  United  States 
map  20'  x  45',  400,OOO:l  scale;  a  three-degrees-of-freedom  transport  with  ranges o f  45',  17'  and 10' 
on each  of  the  axes;  a  near  object  probe;  a  three-degrees-of-freedom  model  gimbal  system; an Eidophor 
projector  with  25'  radius  projection  screen;  and  accompanying TV cameras  and  monitors.  The  system  is 
used  in  simulations  of  atmospheric  flight,  landing,  space  rendezvous,  lunar  excursion,  etc. 
TV  Systems - A  1203-line  vidicon  system  is  installed  to  provide  orbital  and  celestial  visual  cues  to 
the  spacecraft  crew  station.  The  General-Purpose  Visual  System  utilizes  a  945-line  image-orthicon 
system.  The  TV  systems  are  interconnected  such  that  correct  visual  cues,  wherever  initiated,  may  be 
presented  to  the two flight  stations  and  to  control  station  monitors.  Matting  generators  incorporated 
in  the  systems  provide  the  capability  of  presenting  combined  planet,  starfield,  rendezvous-vehicle 
scenes  as  required. 
SPECIAL SIMULATION EQUIPPENT : 
Dynamic  Motion  Simulator - This  three-degrees-of-freedom  simulator  having  a  200-lb, 25'' diameter X 25" 
volume  load  capacity  has  the  capability of imparting  dynamic  motion  to  guidance  system  inertial  sensors 
or  an  inertial  platform.  Possible  accelerations  are  1080"/sec2 in roll  and  3960"/sec2 in pitch  and 
ya57;  and  displacements  can  be  up  to 1080° roll  and  240"  pitch  and  yaw. 
Other - Other  major  special  purpose  equipment  includes  electronic  simulations  of  spacecraft  inertial 
measurement  unit,  jet  select  logic,  reaction  control  and  fuel  accounting  systems;  a  master  interconnect 
system  for  the  analog  computer  complex;  and  a memoq.,interface connect  system  to  interface  the XDS 9300 
digital  computer  to  simulated  systems  and  to  control  the  visual  displays. 
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F A C I L I T Y  LAYOUT 
,-Electronics Lab n 
Computation 
OPERATIONAL ARRANGEMENT 
The 13 analog computer sections and the two HYDAC'S are interfaced through 
a master interconnect  system to the digi ta l  computers  and to  a simulation 
master in te rconnec t  rack  which ,  in  tu rn ,  in te r faces  wi th  the  three  f l igh t  
s t a t i o n s  and the general purpose system. The d i g i t a l  computers are in t e r -  
connected to the two s p a c e c r a f t  f l i g h t  s t a t i o n s ,  t h e  v i s u a l  d i s p l a y s  and 
the special  purpose simulation equipment through a memory in te r face  connec t .  
This system facil i tates multiple study operations and minimizes changeover 
time. 
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TELEDYNE  RYAN  FLIGHT  SJMULATION  LABORATORY 
REPORTING  INSTALLATION: STATUS  OF  FACILITY:  Active 
Teledyne  Ryan  Aeronautical  Company 
San Diego, California 92112 
Dynamics  and  Simulation,  Dept  340 2701  Harbor  Drive 
COGNIZANT  ORGANIZATIONAL  COMPONENT: 
OTHER  SOURCES  OF  INFORMATION: LOCAL OFFICE  TO  CONTACT  FOR  INFORMATION: 
Flight  Simulation,  Department  340, 
R. L. Vance 
Phone:  (714)  291-7311,  ext 558 
DESCRIPTION AND TESTING  CAPABILITIES 
FACILITY  DESCRIPTION: The Facility  consists  of  a  hybrid  computer,  and  supporting  analog  and  peripheral 
equipment. 
The  primary  tasks  are  the  development  and  use  of  6-degree-of-freedom  simulations  for  engineering  evalua- 
tion,  pilot  training,  and  hardware  studies. 
DIGITAL  COMPUTER:  The  EA1 8400 has  the  following  complement: 
0 
0 
0 
0 
0 
0 
HYBRID 
0 
* o  
0 
ANALOG 
0 
0 
0 
Floating  point  hardware 
24,000  words  memory 
Card  reader 
4-mt  drives 
Paper  tape  I/O 
Control  desk  with  typewriter 
SNTERFACE: Consists of: 
Control  lines 
16 channels  mux  ADC 
16-16  bit  DACS 
COMPLEMENT: Consists of: 
One  231-R  GPAC 
One 8800 GPAC 
Five  31-R  GPAC' s 
PERIPHERAL  EQUIPMENT:  Consists  of: 
o Three 8 channel  oscillographs 
o One 30" x  30"  X-Y  plotter 
o One  EA1  3500  digital  plotter 
o Misc.  function  gen. 
FACILITY  COST  HISTORY 
AVERAGE  ESTIMATED  OPERATING 
IMPROVEMENTS AND COSTS:  Not  Available 
ESTIMATED REPLACEMENT VALUE s 1ao,ooo.oo COSTS  (TYPICAL  8-HOUR  SHIFT):  $400 
CONSTRUCTION YEAR: 1962 COST $ 125 ,000.00 
-CbNT-kCTOR:  Trepte  Construction  Company  LOCATION:  San  Diego,  California 
1 I 
PLANS FOR FACILITY  IMPROVEMENTS:  Expansion  to  training  facility,  possibly  including  training  computer. 
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F A C I L I T Y  LAYOUT 
OPERATIONAL  DIAGRAM 
E A 1  8400 Hybrid EA1 8800 
Interface GPDC ' ' GPAC 
t Hardware 
E A 1  131-12 I c Trunk. 4 EAI231-R GPAC  Patch  GPAC 4 
T' t' d 
Courses 
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UARL  V/STOL MOVING BASE  SIMULATOR 
REPORTING  INSTALLATION: STATUS  OF  ACILITY: 
United Aircraft Corporation COGNIZANT  ORGANIZATIONAL  COMPONENT: 
Research Laboratories 
East Hartford.  Connecticut 06108 
North Main S t r e e t  S i l v e r  Lane 
Sikorsky Aircraf t  
Sikorsky Aircraft Division Simulation Laboratory 
B. Bollert (203)  378-6361 R. Belluardo 
OTHER  SOURCES  OF  INFORMATION: LOCAL  OFFICE  TO  CONTACT  FOR  INFORMATION: 
Stratford.   Connect icut  06497 
Phone: (203) 565-5385 
DESCRIPTION AND TESTING CAPABILITIES 
FACILITY  DESCRIPTION: The V/STOL simulator is operated by the  UARL Simulation Laboratory and consists 
of a two-seat fu l ly  enc losed  cockp i t  w i th  func t iona l  dua l  f l i gh t  con t ro l s ,  i n s t rumen t s ,  v i sua l  d i sp l ays ,  
and a six-degree-of-freedom motion system. Central t o  t h e  s i m u l a t o r  complex is t h e  c o n t r o l  s t a t i o n ,  
which has a dupl icat ion of  all cockpi t  displays as well as instruments  for  monitor ing the system status .  
Control  forces  as a func t ion  of  any  f l igh t  parameter  can  be  appl ied  to  a l l  o f  t he  con t ro l s  and spr ing  
center ing  of  the  cont ro l  st ick is available independent of the force system. Two 21-inch TV monitors 
mounted in  the  windsh ie ld  p re sen t  a contact  analog real-world display to  s imulate  VFR f l i g h t .  Advanced 
IFR displays can be generated by combining the contact  analog with digi ta l  information which is pre- 
sented on 9-inch TV monitors, mounted in  the  ins t rument  pane l .  
The six-degree motion system consists of s ix  hydraul ic  actuators  arranged so t h a t  t h e i r  mounting po in t s  
form vertices of an octohedron.  Extension and contract ion of  the actuators  re la t ive to  each other  
determine the motion of  the cockpi t .  The s t roke of  each actuator  is cont ro l led  by a D i g i t a l  Equipment 
Corporation PDP-8 computer. With this arrangement pure uncoupled linear and angular motions can be 
o b t a i n e d  i n  a l l  six degrees of freedom. 
Cent ra l  t o  the Simulat ion Laboratory operat ion is a D i g i t a l  Equipment Corporation PDP-6 d i g i t a l  com- 
puter,  which operates simultaneously as a general-purpose, time-shared f a c i l i t y  f o r  t h e  R e s e a r c h  
Laboratories and as a real-time h y b r i d  o r  d i g i t a l  s i m u l a t i o n  f a c i l i t y .  Four simulation consoles, used 
f o r  non-timedependent interactive simulation, provide access to and control over user programs on t he  
PDP-6 via a panel  of  pushbut tons and l ights  and a s tandard te le type.  In  conjunct ion with three Beckman 
Analog  Computers, t he  PDP-6 a l s o  may func t ion  as a rea l - t ime hybr id  fac i l i ty .  A f u l l  complement of 
interchangeable Brush strip-chart recorders and Omnigraphic X-Y p lo t t e r s  p rov ide  a high degree of 
f l e x i b i l i t y  t o  t h e  system. In addi t ion ,  a general-purpose graphical display (Digital  Equipment type 
340) is d i r e c t l y  a c c e s s i b l e  as an output  device for  PDP-6 programs. A character  generator  and vec tor  
genera tor  are a part  of the scope hardware.  
COMPUTER  SYSTEM: 
D i g i t a l  - The D i g i t a l  Equipment Corporation PDP-6 computer is equipped with 64,000 36-bit words, 
seventeen  te le type  s ta t ions ,  six DEC t ape  un i t s ,  a paper  tape reader  and 1.5 mi l l i on  words of 
a u x i l i a r y  drum s to rage ,  u sed  fo r  program swapping and permanent storage. Digital Equipment Corpora- 
t i o n  PDP-1 and PDP-9 processors "share" memory with the PDP-6, providing a high-speed i n t e r f a c e  t o  
graphic output devices and simulation consoles.  
Analog - Two Beckman 1100 series and  one Beckman 2133 series analog  computers  provide a f u l l  complement . 
PDP-6 v i a  40 ADAGE D/A channels and 40 Raytheon A/D channels. 
FACILITY COST  HISTORY 
. of  ampl i f ie rs  and non-linear  equipment fo r  t he  l abora to ry .  T h i s  equipment may be  in te r faced  to  the  
AVERAGE  STIMATED  OPERATING 
IMPROVEMENTS AND COSTS: (1969)  Six-degree-of-freedom  motion  system,  Cost  $525,000. 
CONTRACTOR: Sikorsky Airc. h Frankl in   Inst .  Res. Labs. LOCATION: S t r a t f o r d  Conn.& Philadelphia,Penn. 
ESTIMATED  REPLACEMENT VALUE $2.500.000 COST  (TYPICAL 8-HOUR SHIFT): Not Available 
CONSTRUCTION YEAR: 1961-69 COST $1,500,000 
PLANS  FOR FACILITY  IMPROVDENTS: Improved visual  display system. 
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COEPUTER SYSTEL.1  (CONTINUED) 
I,fOTIOIJ SYSTEI.1 PERFORMANCE : 
I Linear Pfotion I Longitudinal Vertical I L a t e r a l  I 
Displacement ( f t )  
Acce lera t ion  ( f t / sec2)  
+ 3  5 3  Veloc i ty  ( f t / sec)  
2 5  5 2.5 2 5  
+ 3  
Rotary 14otion Ro l l   P i t ch  Yaw 
2 31.7 5 31.7 5 31.7 
Displacement  (deg) 
Velocity (deg/sec) 
Acceleration (deg/sec2) 
2 30 
i 35 
- + 120 
5 45 5 45 I 5 3 8  
TESTING  CAPABILITIES: This moving base simulator provides a t o o l  f o r  r e a l i s t i c a l l y  a p p r a i s i n g  t h e  p e r -  
formance of pilot-vehicle dynamics for proposed V/STOL aircraft  systems and subsystems. It is used t o  
evaluate  handl ing qual i t ies ,  control  system configurat ions,  and f l i gh t  i n fo rma t ion  d i sp lays ,  and t o  
develop new t a c t i c s  f o r  mission t asks .  It can also be used to develop new methods of present ing  han- 
d l i n g  q u a l i t i e s  criteria and quantitative measures of pi lot ' s  task performance,  and t o  e s t a b l i s h  d e s i g n  
c r i t e r i a   g o a l s .  
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FACILITY LAYOUT 
OPERATIONAL DIAGRAM 
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